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ABSTRACT 


The  measurements  over  the  ocean  made  by  S193,  a combination 
scanning  pencil  beam  radar  scatterometer  and  passive  microwave  re- 
ceiver, in  the  noncontlgudus  modes  during  SKYLAB  2,  3,  and  4 are 
analysed  to  show  that  the  passive  microwave  measurements  can  be  used 
to  correct  the  radar  measurements  for  attenuation  and  to  eliminate 
areas  of  large  cloud  drops  and  rain  and  that  the  radar  backscatte? 
measurements  can  be  used  to  compute  the  wind. speed  near  the  sea  surface. 
The  wind  speeds  so  determined  are  at  least  as  accurate  as  those  that 
would  have  been  reported  by  a weather  ship  located  at  each  useable 
cell  scanned  by  the  Instrument. 

The  total  error  variance, 
n 1 2 

I'.e;  S “*  (U  . - U .)  is  stratified  according  to  the  methods  used 
n mi  ri  , 

to  obtain  the  surface  truth,  that  is,  the  meteorologically  determined 
wind  speeds  and  directions  at  each  cell.  This  total  error  variance  is 
compared  to  estimates  of  the  error  variances  from  the  meteorological 
analyses,  which  were  independently  obtained,  and  from  intercomparisons 
of  the  radar  determined  winds.  The  above  conclusion  is  a conservative 
Interpretation  of  these  results.  The  standard  deviations  of  the  errors 
in  the  radar  measured  winds  may  well  be  less  than  half  that  of  the  weather 
ships  as  shown  solely  by  the  SKYLAB  data. 

Chapter  1 outlines  the  chapters  in  this  report,  which  describe  how 
the  experiment  was  planned  and  carried  out,  and  how  the  data  were  "analysed. 
It  "also" gives  some  of  the  major  conclusions.  Chapter  nine  described” 
the  application  of  the  results  of  this  final  report  to  the  measurements 
to  be  made  by  SEASAT-A. 
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Four  appendicies  accompany  this  final  report.  Appendix  A 
tabulates  all  of  the  useable  data  from  the  experiment  and  merges  it 
with  the  meteorological  and  oceanographic  surface  truth.  Appendix  B 
gives  the  data  for  the  analysis  of  surface  truth  errors.  Appendix  C 
is  a report  by  A.K.  Fung  and  H.L.  Chan  on  the  present  status  of 
radar  backscatter  theory.  Appendix  D by  J.D.  Young  describes  the 
methods  he  used  to  correct  the  backscatter  data  for  various  effects 
and  gives  his  results  on  various  methods  for  analysing  the  data. 


ii 


ACKNOWLEDGEMENTS 


Recently,  one  of  us  gave  a paper  on  our  results*  When  the  long 
list  of  authors  of  the  paper  was  read  by  the  chairman  of  the  session, 
the  audience  laughed.  This  program  required  the  talents  of  many 
others  as  well  as  those  listed  as  authors  of  this  final  report.  Also 
much  help  was  given  by  people  not  directly  connected  to  the  program. 

At  the  CUNY  Institute  of  Marine  and  Atmospheric  Sciences,  John 
Hayes  and  Walter  Spring  were  most  helpful  in  managing  the  data  flow 
and  carrying  out  the  preliminary  surface  truth  analyses,  Emanuel 
Mehr  began  the  development  of  some  of  the  computer  programs  required 
in  this  study  at  the  start  of  the  theoretical  phase  of  this  study. 

At  the  Remote  Sensing  Laboratory,  Arun  Sobti  and  John  Claassen 
respectively  made  fundamental  inputs  to  data  reduction  problems  and 
to  the  interpretation  of  the  passive  microwave  data. 

In  oceanography,  those  who  obtained  the  data  are  considered  to 
have  made  as  important  a contribution  as  those  who  analysed  it.  The 
nine  astronauts  who  manned  SKYLAB,  repaired  the  spacecraft  and  the 
instrument,  «id  got  the  data  should  be  listed  as  co-authors  of  this 
report. 

The  support  given  us  by  out  co-principal  investigator,  E.  Paul 
McClain  and  his  associates  of  NOAA/NESS  is  very  much  appreciated,, 

The  data  that  they  provided  is  described  in  Chapter  2. 

The  New  York  Regional  Office  of  the  National  Weather  Service  of 
NOAA  supported  the  data  taking  phase  of  this  program.  Our  thanks  are 
extended  to  Harold  Gibson,  the  meteorologist  in  charge,  and  his 
helpful  and  cooperative  staff.  The  Satellite  Field  Service  also 
provided  useful  information. 


iii 


Duncan  Ross  of  the  Atlantic  Oceanographic  and  Meteorological 
Laboratory,  NOAA,  provided  advance  data  on  his  SKYLAB  aircraft 
under flight  program  so  that,  in  particular,  the  NOAA  C130  flight 
into  AVA  could  be  used  in  the  analysis,  Peter  Black  of  the 
National  Hurricane  Center,  NOAA,  searched  the  archives  and  found 
the  original  records  of  some  of  the  aircraft  flights  into  Tropical 
Storm  Christine. 

Major  James  Sartor  of  the  Sixth  Weather  Wing,  Andrews  AFB, 
provided  the  liasoti  required  to  obtain  the  DAPP  data, 

Capt.  E,  A.  Delaney  and  Cdr.  Cromwell  of  the  U.S.  Coast  Guard 
would  have  coordinated  efforts  to  obtain  surface  truth  with  Weather 
Ship  Hotel  during  a SKYLAB  pass,  but  the  opportunity  never  arose. 

At  the  United  States  Naval  Oceanographic  Office,  Jack  J.  Schule 
made  possible  the  calculation  of  the  wave  spectral  hindcasts. 
prepared  as  a back  up  for  the  interpretation  of  wave  slope  effects. 
Sheldon  Lazanoff , the  NAVOCEANO  representative  at  the  Fleet  Numerical 
Weather  Central,  made  the  arrangements  to  provide  the  data  files  of 
sea  surface  analyses  and  reports  from  ships  that  provided  the  surface 
truth  for  this  program. 

The  international  effort  to  obtain  special  weather  ship  observa- 
tions during  SKYLAB  passes  was  aided  by  John  A.  Ewing  of  the  Institute 
of  Oceanographic  Sciences  in  Great  Britain,  and  by  J.  R.  H.  Noble, 

Paul  Johns,  and  Read  Allen  of  Canada,  J.  Romer  of  France,  M.  W.  F. 
Schregardus  of  the  Netherlands,  and  Capt.  G.  A.  White  of  England. 

The  continued  interest  in  this  program  and  the  encouragement  of 
Dallas  Evans  are  very  much  appreciated. 

These  acknowledgements  perforce  omit  the  names  of  the  many  NASA 
scientists  who  supported  this  program  both  scientifically  and 
administratively.  Their  help  was  nevertheless  essential  to  the 
success  of  this  program. 


iv 


TABLE  OF  CONTENTS 


ABSTRACT 


Page 

1 


ACKNOWLEDGEMENTS . 


4 • • 

Xll 


CHAPTER  I OBJECTIVES,  SUMMARY  OF  RESULTS  AND  MAJOR  CONCLUSIONS.  1 


OBJECTIVES X 

RESULTS. 3 

CONCLUSIONS........... 6 

CHAPTER  2 THE  EXPERIMENTAL  DESIGN  AND  THE  DATA  TAKING  PHASE....  8 

THE  INSTRUMENT,.,,....,..!..... .......  8 

Description  of  SI93. 8 

S193  as  an  Anemometer. 11 

SURFACE  TRUTH  STRATEGY.. 15 

Plans. X5 

The  AVA  Pass. 16 

The  Routine  for  a Particular  S193  Pass., 18 

SUMMARY  OF  DATA  USED  AS  SURFACE  TRUTH......... 20 

NASA 20 

NOAA.... 21 

UOU 21 

UCAR. 22 

International  Support 22 

ERRORS  IN  THE  MEASUREMENT  OF  THE  WIND. 24 


CHAPTER  3 THE  S193  RADSCAT  MEASUREMENTS  IN  NONCONTIGUOUS  MODES 
OVER  THE  OCEAN.................. 

INTRODUCTION 

SKYLAB  2. 

SKYLAB  3 

SKYLAB  4 


PROBLEMS  IN  DATA  REDUCTION 33 

(2NERAL  DESCRIPTION  OF  THE  PASSES..,,...,, 34 

CHAPTER  4 THE  ANALYSIS  OF  THE  METEOROLOGICAL  AND  OCEANOGRAPHIC 

SURFACE  TRUTH 38 

Introduction 38 

The  Three  Types  of  Meteorological  Analysis  that  were 

used 39 

ANALYSIS  OF  THE  SURFACE  WIND  FIELD  IN  TROPICAL  CYCLONES 

AVA  AND  CHRISTINE 43 

A Tropical  Cyclone  Boundary  Layer  Model 43 

Hurricane  AVA 49 

Tropical  Storm  Christine . , * 64 

SPECIFICATION  OF  THE  WIND  FIELD  BY  MANUSCRIPT  SYNOPTIC 
ANALYSIS 77 

Introduction. 77 

June  5 79 

June  ll.,,..,.,,,,..,.,.,.. 84 

September  4 86 

NORTHERN  HEMISPHERE  OBJECTIVE  WIND  FIELD  ANALYSIS 91' 

The  Objective  Analysis  Program 91 

Planetary  Boundary  Layer  Model 97 

Comparison  of  Objective  Winds  and  Special  Aircraft  and 
Weather  Ship  Measurements 102 

ERRORS  IN  THE  SPECIFICATION  OF  THE  VECTOR  WIND..., 109 

A STUDY  OF  THE  ACCURACY  OF  THE  METEOROLOGICAL  WINDS 114 

A Further  Analysis  with  Different  Assumptions 123 

Additional  Considerations  of  Synoptic  Wind  Field 

Analyses 133 

Documentation  of  Theory  Used  in  the  Error  Analysis.,,,  134 

CHAPTER  5 THE  MERGING  OF  THE  METEOROLOGICAL,  OCEANOGRAPHIC  AND 
S193  DATA 139 

■ /r 


RECAPITUIATION 139 

APPENDIX  A................ 139 

THE  PURPOSE  OF  THE  TABUIATIONS 141 

CHAPTER  6 BACKSCATTER  THEORY,  WAVE  SPECTRA,  BACKSCATTER 
MEASUREMENTS,  AND  WAVE  MEASUREMENTS 142 

Introduction 142 

A First  Attempt. 143 

A Model  with  Wind  Speed  Dependence 130 

Fan  Beam  Doppler  at  K^-Band. 132 

A Study  of  the  Wave  Spectrum... 133 

More  on  Equation  (6.5) 161 

More  Measurements  of  Backscatter  and  Capillary  Waves..  164 

The  AAFE  Program.  173 

Results  of  Fung  end  Chan............. .......;i.........  179 

The  Effects  of  the  larger  Gravity  Waves  on 
Backscatter. 137 

CHAPTER  7 PASSIVE  MICROWAVE  THEORY  AND  THE  CALCULATION  OF 
ATTENUATION  AND  DETECTION  OF  HEAVY  RAIN  WITH  THE  PASSIVE 
mCROWAVE  DATA.... 191 

PASSIVE  MICROWAVE  THEORY  AI?D  APPLICATIONS 191 

THE  USE  OF  PASSIVE  MICROWAVE  DATA  FROM  S193... 19 2 ' 

Purpose  and  Theory... 192 

Theoretical  Development 194 

Attenuatxon  resnlts  for  SKYLAB  2 and  3................  20l 

Elimination  of  Areas  of  Heavy  Rain. 303 

CHAPTER  8 THE  MEASUREMENT  OF  WINDS  BY  MEANS  OF  A RADAR  ON  A 

SPACECRAFT 210 

INTRODUCTION 210 

CORRECTIONS  TO  NOMINAL  NADIR  (OR  INCIDENT)  ANGLES  FOR  ALL 

OF  THE  DATA 212 


GENERAL  DISCUSSION  OF  CURVE  FITTING  AND  RESCISSION 

TECHNIQUES., 216 

Principles 216 

CommenCs  on  the  scetter  of  plots  of  beckscetter 
versus  wind  speed 220 

Strategies  for  avoiding  various  problems., 229 

RESULTS  ON  LOG-LOG  AND  POWER  LAW  REGRESSIONS..,.. 229 

Introduction. 229 

Referring  the  backscatter  measurements  to  upwind 232 

Tabulation  of  regression  constants  and  examples  of 

results. 234 

PREDICTIONS  OF  WIND  SPEED  GIVEN  WIND  DIRECTION  AND 

BACKSCATTER  VALUE 258 

Introduction. 258 

Methods  5 and  6,,, 259 

Method  4..,...,, 263 

The  Regression  Constants  for  Methods  4,  5 and  6 266 

Tabulation  of  the  Predicted  Radar  Winds  for  each 
Observation  and  for  each  Method 268 

Scatter  Plots 268 

Stratified  root  mean  square  difference  analysis  for 
Methods  4,  5 and  6,.... 303 

ERROR  ANALYSIS  OF  THE  DIFFERENCE  BETWEEN  THE 

METEOROLOGICAL  WIND  AND  THE  RADAR  WIND 311 

Introduction 311 

Analysis,,,,,.,,., 311 

ERROR  ANALYSIS  OF  THE  RADAR  WIND  MAGNITUDES 317 

Introduction.....,,..,, 317 

Analysis 317 

COMPOSITE  ERROR  ANALYSIS 320 


Ava  and  Christine 328 

The  Manuscript  Synoptic  Analyses 330 

The  Scatter  Plots 330 

SURVIVORS 331 

CLOSING  THE  CIRCIE 331 

Recapitulation 331 

Simulated  circle  flights 331/ 

CHAPTER  9 APPLICATIONS  TO  SEASAT-A 340 

REVIEW... 340 

APPLICATIONS  OF  THE  ERROR  ANALYSIS 342 

APPLICATIONS  OF  THE  PLANETARY  BOUNDARI  LAYER  MODEL. 344 

APPLICATIONS  TO  TROPICAL  CYCLONES 346 

REBERENCES 347 

APPENDICES 

APPENDIX  A The  merged  SKYLAB  Measurements  and  Meteorological  and 
Oceanographic  Surface  Truth  from  SKYLAB  2,  3 and  4. 


APPENDIX  B The  Data  from  the  Withheld  Weather  Ship  Analysis, 

APPENDIX  C Fung  A.  K.  and  H.  L.  Chan,  1975:  A Theory  of  Sea 

Scatter  at  Large  Incident  Angles.  The  University  of  Kansas 
Space  Technology  Center,  Remote  Sensing  Laboratory,  RSL  Technical 
Report  254-4,  October, 

APPENDIX  D Young,  J.  D.,  1975:  Active  Microwave  Measurement  of 

Sea  Surface  Winds  from  Space.  The  University  of  Kansas  Space 
Technology  Center,  Remote  Sensing  Laboratory,  RSL  Technical 
Report  254-5. 


(C  and  D furnished  separately) 


;y 


CMP'SER  1 OBJECTIVES,  SUMMARY  OF  RESULTS  AND  MAJOR  CONCLUSIONS 
OBJECTIVES 

"The  pirlncxple  objective  of  tho  use  of  the  radar  radioineter 
mode  of  S193  on  Sky  lab  [was]  to  prove  conclusively  that  simultaneously 
measured  values  of  the  radar  scattering  cross  section  matrix  and 
microwave  temperature  for  two  polarizations  at  13.9  G5iz  [would]  provide 
data  from  which  the  winds  in  the  planetary  boundary  layer  over  the 
ocean  can  be  inferred.  This  principal  objective  of  S193  [was]  accom- 
plished by  operating  the  instnunent  over  the  oceans  in  appropriate 
scanning  modes  so  as  to  measure  the  six  quantities,  a°^,  or°^ , cr°^ , 

(to  T . and  T , which  are  fianctions  of  Ivl,  X,  9,  sea  surface 

Vh’  T>VV  ’ bHH 

temperature,  wave  conditions,  the  amount  of  foam  on  the  sea  surface, 
the  intervening  liquid  water  in  the  atmosphere , and  other  minor 
effects,  for  as  wide  a range  as  possible  of  these  parameters," 

The  above  paragraph,  with  the  words  in  square  brackets  changed, 
is  the  opening  paragraph,  prepared  in  April  1971,  describing  the 
proposed  procedures  for  the  study  of  S193  data  in  the  radar  radiometer 
(radscat)  mode.  Details  on  the  kinds  of  Z local  vertical  passes  and 
on  the  techniques  for  processing  the  data  followed.  For  example,  the 
proposed  program  suggested  that,  "During  the  second  manned  period, 
there  is  the  opportunity  to  obtain  data  from  a tropical  hurricane."  — 
"Also  typical  of  a hurricane  is  a spiral  pattern  of  thick  clouds  and 
rain,"— "The  gaps  are  just  large  enough  for  the  beam  to  scan  to  the 
wind  driven  surf  ace, ''' 

In  1971,  the  strong  dependence  of  backscatter  on  wind  direction 
relative  to  the  pointing  direction  of  the  radar  beam  was  not  well 
recognized.  Also  the  theories  relating  backscatter  to  sea  surface 
properties  were  not  well  developed.  As  the  program  of  measurements 
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with  Sky lab,  S193,  was  accomplished,  these  theories  were  also  refined 
so  as  to  cover  anistropic  effects  and  account  for  the  variation  of 
backscatter  with  wind  direction  at  the  same  nadir  angle  and  wind  speed. 

From  the  point  of  view  of  the  analysis  of  the  S193  data,  the 
problem  becomes  one  of  inferring  the  properties  of  a vector  from 
essentially  one  measurement.  Various  techniques  were  developed  to 
solve  this  problem  and  to  obtain  results  related  primarily  to  the 

aiagnitude  of  the  vector  wind  and  to  errors  in  the  deteimination  of  the 
magnitude  of  the  vector  wind. 

The  original  proposal  for  the  study  of  3193  data  did  not  say  much 
about  demonstrating  the  accuracy  of  the  determination  of  the  wind  from 
the  backscatter  measurement.  It  only  described  how  both  special  and 
conventional  data  on  winds  would  be  obtained  and  how  the  backscatter 
measurements  would  be  compared  with  these  winds.  It  was,  of  course, 
expected  that  good  agreement  would  be  found. 

In  support  of  instruments  on  SEASAT-A,  which  are  four  fan  beam 
Doppler  radars  and  a five  frequency  scanning  passive  microwave  radio- 
meter, quantitative  results  are  required  as  to  the  accuracy  of  the 
radar  determinations  of  the  wind.  These  quantitative  results  will  be 
presented  in  the  chapters  that  follow. 

In  addition  to  the  primary  objective  of  this  program,  there  were 
many  other  objectives  that  had  to  be  attained  in  order  to  accomplish 
the  primary  objective.  One  was  to  demonstrate  applicability  of  the 
measurement  system  to  different  kinds  of  weather  systems  such  as 
tropical  circulations,  tropical  storms  and  hurricanes  (or  typhoons  etc.) 
and  extra  tropical  cyclones  and  wind  patterns.  A second  was  to  use 
the  passive  data  to  calculate  attenuation  so  as  to  correct  the  back- 
scatter measurements  for  attenuation.  A third  was  to  detect  areas  of 
heavy  rain  where  backscatter  measurements  could  not  be  used  to 
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determine  the  wind.  A fourth  was  to  understand  the  effects  of  the 
spectrum  of  wind  generated  waves  and  swell,  over  all  wave  numbers,  on 
backscatter.  These  objectives  were  attained  as  will  be  described 
in  this  final  report. 

RESULTS 

During  Sky  lab  2/3,  there  were  1563  measurements  of  cr°  , 0°  , (T°  , 

VV  VH  HV 

three  largest  nadir  angles  at  somewhere  near  350  different 
cells.  There  were  usually  four  measurements,  one  at  each  polarization 
combination,  at  each  cell,  but  at  times,  some  values  could  not  be  used. 

At  each  cell,  there  would  be  two  measurements  of  the  passive  microwave 
temperatures,  one  for  each  polarization,  for  about  700  values.  There 
were  1113  backscatter  measurements  at  the  two  smallest  nadir  angles 
and  about  556  passive  microwave  measurements.  The  sum  of  all  measure- 
ments of  backscatter  and  passive  microwave  temperatures  during  SL  2/3 
was  about  4000  values. 

During  SL  4,  the  passive  microwave  temperatures  could  not  be  used. 
There  were  a total  of  1927  measurements  of  backscatter  at  the  three 
highest  nadir  angles  all  in  the  cross-track  noncontiguous  niode 
representing  about  482  separate  cells  on  the  sea  surface  scanned  by 
the  instrument.  The  total  number  of  useful  cells  scanned  by  S193  was 
about  830  for  SL  2/3  and  SL  4 combined. 

There  were  a total  of  twenty  six  passes  in  the  ZLV  mode  that 
yielded  useful  data.  Six  were  in  the  in- track  noncontiguous  mode.  All 
others  were  in  the  cross-track  noncontiguous  mode.  Nine  passes  were 
in  tropical,  or  subtropical,  areas.  One  pass  scanned  portions  of  a 
tropical  hurricane.  Another  scanned  a tropical  storm.  The  remaining 
thirteen  scanned  northera  hemisphere  extratropical  wind  patterns. 

The  wind  speed  and  direction  as  effectively  determined  in  a 
neutral  atmosphere  at  19.5  meters  above  the  sea  surface  was  found  for 
each  cell  scanned  by  S193  by  one  of  three  different  meteorological 
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techniques.  One  technique  was  a streamline  isotach  analysis  of  the 
available  data  in  the  area  of  the  scan,  \Aich  was  used  in  tropical 
and  subtropical  areas.  The  second  technique  was  a theoretical  numerical 
tropical  cyclone  model,  ;*ich  applied  to  the  friction  layer  in  the  air 
over  the  sea  surface.  The  last  was  a planetary  boundary  layer  model 
for  the  northern  hemisphere  oceans.  In  each  case  the  wind  field  over 
the  entire  area  was  found,  and  then  the  winds  were  interpolated  to  the 
cells  that  were  scanned  by  Sky lab. 

Chapters. 2 and  3 describe  how  the  experiment  was  carried  out  and 
provide  tables  of  the  passes  that  were  obtained. 

Chapter  4 provides  a description  of  how  the  meteorological  and 
oceanographic  "surface  truth"  was  obtained  and  evaluates  the  accuracy 
of  these  determinations  of.  the  wind  speed  and  direction.  Meteorologists 
will  not  be  particularly  surprised  by  these  results,  but  others  may  be. 
They  need  to  be  interpreted  with  great  care.  The  data  on  which  the 

analyses  of  the  accuracy  of  the  wind  determinations  is  based  are  given 
in  Appendix  B. 

Chapter  5 describes  how  the  S193  data  and  the  meteorological  and 
oceanographic  data  were  merged  to  provide  the  data  base  for  the  study 
of  the  variation  of  radar  backscatter  with  wind  speed  and  direction. 

Appendix  A of  this  report  contains  a listing  of  every  pass  that 
was  found  useful.  The  backscatter  measurements  and  passive  microwave 
temperatures  that  were  measured,  the  wind  speed  and  direction  at  each 
cell,  as  determined  from  meteorological  data,  the  sea  surface  temperature, 
the  location  of  each  cell  and  the  time  of  the  measurement  are  tabulated. 

The  wind  speeds  at  the  cells  scanned  by  S193  during  SL  2/3  ranged 
from  2 or  3 knots  to  51  knots  as  determined  by  the  meteorological 
analyses.  During  SL  4,  they  ranged  from  2 or  3 knots  to  48  knots. 
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The  higher  winds  during  SL  2/3  tended  to  have  a higher  frequency 
of  cross  wind  relative  to  the  radar  beam  (aspect  angle) . The  SL  4 
data  were  somewhat  more  evenly  distributed  over  aspect  angle. 

Chapter  6 reviews  radar  backscatter  theory  and  brings  the 
subject  up-to-date  with  a theory  that  explains  nearly  all  of  the 
observed  features  of  radar  backscatter  including  differences  between 
upwind  and  downwind  and  crosswind  and  the  effects  of  the  slopes  of 
the  larger  waves.  The  details  of  this  theory  are  given  in  Appendix  G. 

Chapter  7 shows  how  the  passive  microwave  measurements  were  used 
both  to  compute  the  attenuation  of  the  radar  beam  and  to  determine 
those  cells  where  the  backscatter  measurement  was  suspect.  There 
were  only  five  cells  in  the  entire  analysis  (all  in  tropical  cyclones) 
that  could  not  be  used  because  of  the  presence  of  rain.  The  attenuations 
that  were  calculated  were  small  for  SL  2/3.  These  low  values  explain 
why  it  was  possible  to  obtain  useful  results  with  the  SL  4 data. 

Chapter  8 describes  how  the  radar  data  were  corrected  for  the 
small  variations  in  nadir  angle  so  as  to  be  able  to  use  all  measurements 
at  a given  nominal  nadir  angle.  Six  different  regression  schemes  are 
described,  five  of  which  are  actually  applied  to  the  data.  Results  are 
given  in  tabular  and  graphical  form  for  five  of  the  methods,  and  two  of 
them  are  described  in  greater  detail  by  Young  (1975)  in  Appendix  D. 
Additional  methods  may  be  contained  in  Appendix  D that  are  not  described. 

The  mean  square  errors  representing  the  sums  of  the  differences 
between  the  meteorological  wind  and  the  radar  wind  divided  by  the  sample 
size  are  decomposed  into  the  contributions  from  the  errors  in  the 
meteorological  data  and  the  radar  errors.  The  meteorological  error 
contributions  far  exceed  the  radar  error  contributions.  There  is  a 
strong  relationship  between  the  quality  of  the  data  used  to  obtain 
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the  meteorological  winds  and  the  root  mean  square  differences  between 
the  wind  determined  from  meteorological  data  and  the  wind  predicted 
from  the  backscatter  data. 

CONCLUSIONS 

Given  the  direction  of  the  wind  from  some  independent  source,  with 
the  typical  accuracy  of  measurement  by  presently  available  meteorological 
methods,  a backscatter  measurement  at  a nadir  angle  of  50°,  43°  or  32° 
can  be  used  to  compute  the  speed  of  the  wind  averaged  over  the  illumin- 
ated area.  This  wind  speed  is  at  least  as  accurate  as  the  wind  speed 
that  would  have  been  obtained  from  weather  ship  data  near  that  point 
ini  space  and  time.  The  error  analysis  strongly  suggests  that  wind 
speeds  front  the  radar  measurements  may  actually  have  errors  with 
standard  deviations  less  than  half  that  from  nearby  weather  ships  for 
winds  greater  than  about  7 knots. 

The  measurements  to  be  made  by  SEASAT-A  will  obtain  not  only 
the  wind  speed. but  also  the  wind  direction  with  an  accuracy  equal  to 
or  better  than  a weather  ship. 

To  calibrate  SEASAT-A,  it  will  be  necessary  to  develop  techniques 
that  will  reduce  the  error  variances  of  conventional  measurement  and 
analysis  procedures  by  at  least  a factor  of  25  so  that  the  standard 
deviations  will  be  reduced  by  a factor  of  5. 

There  are  no  marked  differences  between  VV,  HH  and  VH.  Since 
W is  stronger,  it  is  probably  the  best  single  backscatter  value  to 
measure.  Cross  polarized  returns  are  to  be  preferred  over  HH  because 
there  will  be  no  backscatter  from  large  cloud  drops  and  attenuation 
effects  can  be  accounted  for. 

The  effects  of  attenuation  are  very  small  and  can  be  omitted 
without  degrading  the  winds  too  much.  This  had  to  be  done  for  SL  4, 
and  the  analysis  was  still  successful. 
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The  errors  in  the  initial  value  specification  of  the  winds  in  the 
planetaiTT  boundary  layer  over  the  oceans  that  presently  exist  for 
munerical  weather  prediction  are  large  and  differ  substantially  from 
one  area  of  the  ocean  to  another,  depending  on  the  density  of  ship 
reports.  SEASAT-A  will  yield  uniformly  spaced  vector  winds  of  far 
greater  accuracy  and  with  a uniform  error  distribution.  Since  the 
data  density  will  be  from  one  to  two  orders  of  magnitude  greater, 
further  smoothing  will  define  the  planetary  boundary  layer  to  an  even 
greater  accuracy. 

The  winds  in  the  tropical  areas  of  the  world  ocean  will  be  measured 
routinely  by  SEASAT-A  with  great  accuracy.  These  areas  are  presently 
inadequately  observed. 

The  winds  in  hurricanes  and  tropical  storms  can  be  measured  to  an 
accuracy  comparable  to  that  presently  obtained  from  aircraft  re- 
connaissance flights.  The  central  pressure,  radius  of  maximvim  wind, 
and  area  of  gale  force  winds  in  a hurricane  can  probably  be  determined 
by  inverting  the  procedures  given  in  CJhapter  4 that  was  used  to  specify 
the  winds  in  Hurricane  AVA  and  Tropical  Storm  Christine.  A global 
capability  for  monitoring  the  winds  in  hurricanes  and  tropical  storms 
can  be  developed  with  SEASAT-A « 


CHAPTER  2 THE  EXPERIMENTAL  DESIGN  AND 
THE  DATA  TAKING  PHASE 

THE  INSTRUMENT 

Description  of  S193.  The  radar  radiometer  part  of  S193,  called 
R^dscat  for  short,  was  a scanning  pencil  beam  combination  radar  and 
passive  microwave  receiver.  It  operated  in  a number  of  modes.  The 
two  modes  used  the  most  for  this  program  were  called  the  in-track 
non-contiguous  mode  and  the  cross- track  non-contiguous  mode.  In  these 
modes,  the  antenna  was  pointed  at  nominal  angles  corresponding  to 
nadir  angles  of  50°,  40°,  30°,  15°,  and  0°,  and,  in  each  of  these 
positions,  a pulse  was  transmitted  by  the  radar.  The  duration  of  the 
pulse  was  such  that  the  leading  edge  of  the  pulse  could  travel  all  the 
way  to  the  sea  surface  and  return  almost  to  the  antenna  before  the 
pulse  was  turned  off.  Then  the  receiver  for  the  radar  would  be 
activated,  and  the  entire  backscattered  signal  for  this  transmitted 
pulse  time  would  be  received,  passed  through  an  appropriate  Doppler 
filter,  \diich  depended  upon  the  mode  of  operation,  that  is,  xdiether  it 
was  in-track  or  cross-track,  detected,  and  averaged.  The  result  was  a 
very  stable  measurement  of  the  received  power,  which  could  be  compared 
with  the  transmitted  power  measured  with  a small  auxiliary  bleeder 
circuit  within  the  system,  so  as  to  calculate  the  radar  backscattering 
cross  section*  Because  of  the  long  averaging  time,  it  was  calculated 
that  the  radar  baekscatter  was  measured  to  a sampling  variability  of 
*0,3  db.  This  sampling  variability  was  caused  by  the  Rayleigh  fading 
of  the  return  signal  and  was  reduced  to  this  very  low  value  by  the  long 
averaging  time.  For  each  position  of  the  antenna  at  these  five 
different  nadir  angles,  six  measurements  were  made.  They  were  a®  , 

...0  ’ 0 y'y 

^Iiu»  » and  cr  for  the  radar  part  of  the  instrument*  Also 

the  horizontally  polarized  and  vertically  polarized  passive  microwave 

For  many  more  details  see  Moore,  Ulaby,  Sobtl  et.  al.  (1975). 
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temperatures  were  measured  by  converting  the  instrument  to  a 
radiometer  after  the  four  radar  measurements.  This  was  accomplished 
by  increasing  the  bandwidth  of  the  IF  receiver  system  so  as  to  be 
able  to  detect  the  very  weak  naturally  radiated  signals  at  these  same 
frequencies. 

In  the  in-track  non-contiguous  mode,  as  the  antenna  cycled  through 
these  five  different  angles,  the  sequences  were  so  chosen  that  all  the 
measurements  would  be  obtained  at  the  same  spot  on  the  sea  surface.  Sets 
of  cells,  with  varying  diameters,  but  all  very  close  together,  were 
measured  such  that  a total  of  30  measurements  were  obtained  from  nearly 
the  same  area  of  the  ocean. 

In  the  cross-track  non-contiguous  mode,  the  antenna  would  be  pointed 
out  to  the  side  so  that  the  nadir  angle  would  be  near  50° , the  six 
measurements  would  be  made,  the  antenna  would  drop  to  the  next  lowest 
angle,  and  six  more  measurements  would  be  made,  and  so  on,  until 
vertical  measurements  were  obtained.  Depending  upon  which  of  the  three 
cross-track  non-contiguous  modes  was  chosen, the  antenna  could  return 
to  the  same  side,  either  left  or  right,  and  repeat  this  sequence,  or  it 
could  swing  out  to  the  other  side  and  come  back  in  to  nadir.  The  result 
would  be  a checkerboard  pattern  of  points  with  measurements  at  the 
intersections  of  comers  of  the  checkerboard  roughly  on  a square  pattern 
with  a very  wide  swath. 

It  was  recognized  in  the  design  of  the  experiments  with  this 
instrument  that  these  cross-track  modes  were  very  powerful  for  surveying 
the  wind  fields  at  the  surface  of  the  ocean  of  the  dimensions  of  tropical 
cyclones,  tropical  storms,  and  even  substantial  portions  of  extra- 
tropical  cyclones.  The  spacing  of  the  points  in  the  non-contiguous 
modes  was  much  closer  together  than  is  achieved  in  typical  synoptic 
analyzes  of  the  wind  field  over  the  ocean,  and  the  much  larger  density 
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of  measurements,  compared  to  that  possible  vith  conventional  meteoro- 
logical data  sources,  namely  ships  at  sea,  a very  few  aircraft 
measurements,  and  data  buoy  measurements,  would  be  the  data  base  for 
the  program.  The  value  of  the  instrument  as  an  operational  system 
is,  of  course,  for  the  synoptic  scale  analysis  of  the  wind  fields  over 
the  ocean. 

The  experiment  was  designed  in  an  attempt  to  obtain  the  widest 
possible  range  of  wind  speeds  and  wind  directions  relative  to  the 
pointing  vector  of  the  radar  beam  and  the  widest  possible  range  of 
cloud  thicknesses  and  drop  size  distributions  within  the  clouds  for 
nadir  angles  of  30° , 40° , and  50° . As  a part  of  the  theory  of  the 
combined  use  of  passive  and  active  systems  in  the  same  instrument,  it 
had  been  demonstrated  that  the  passive  systems  would  respond  very 
quickly  to  the  thick  wet  clouds  with  large  cloud  drops  that  would  be 
capable  of  affecting  the  radar  return  signal  in  the  radar  mode.  The 
plan  was  to  calibrate  out  the  effect  of  these  clouds  on  the  radar 
signal  by  means  of  the  data  obtained  with  the  passive  system  so  as  to 
obtain  a better  measure  of  the  radar  backscattering  cross-section  when 
there  were  clouds  between  the  spacecraft  and  the  cell  at  the  sea  surface 
being  scanned. 

As  the  experiment  evolved,  that  is  after  SKTLAB  was  actually 
launched  and  after  its  repair  during  SKXLAB  2 , it  became  apparent 
that  the  in-track  non-contiguous  mode  had  much  less  chance  of  recording 
backscatter  for  hi^  winds.  Also  the  in-track  non-contiguous  mode  was 
lost  at  the  conclusion  of  SKHAB  3 (the  second  manned  period).  The 
scanning  mechanism  for  the  antenna  was  repaired  at  the  beginning  of 
SKYIAB  4 in  such  a way  that  only  the  cross-track  non-contiguous  mode 
could  be  used. 
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S193  as  an  Anemometer.  To  measure  the  winds,  an  anemometer  is 


needed.  The  anemometer  for  the  SKTIAB  experiment  is  the  roughened 
surface  of  the  sea  as  the  wind  blows  over  the  ocean.  The  sea  becomes 
increasingly  rougher,  especially  in  the  capillary  wave  region,  as  the 
speed  of  the  wind  increases.  The  capillary  waves  that  are  generated 
have  a vector  wave  ntimber  spectrum  that  is  a function  of  the  speed 
and  direction  of  the  wind  in  the  first  few  meters  above  the  ocean 
surface.  The  backscatter  measurements  made  with  S193  provide  a measure 
of  the  variation  of  the  roughness  of  the  sea  surface  caused  by  the 
wind.  This  measure  has  in  turn  been  related  to  the  wind  over  the  ocean. 
By  means  of  a planetary  boundary  layer  theory  developed  by  Cardone 
(1969),  these  measurements  of  the  capillary  waves  have  been  related  to 
the  vector  wind  that  would  have  been  measured  in  a neutrally  stratified 
atmosphere  at  an  elevation  above  the  sea  surface  of  19.5  meters. 

The  choice  of  19.5  meters  goes  back  to  early  work  done  on  other 
programs  where  the  ships  that  were  used  to  relate  wave  parameters  to 
wind  speed  had  anemometers  mounted  at  this  height  on  their  masts.  Any 
other  reference  height,  as  long  as  it  had  been  consistently  employed, 
could  have  been  used  equally  well. 

• Bast  research  has  indicated  that  wind  reports  from  ships  without 
anemometers  more  closely  approximate  winds  at  this  elevation  than  they 
do  at  ten  meters  above  the  sea  surface,  as  had  been  previously  assumed. 
Reference  is  made  to  Pierson  (1964)  for  some  interesting  points  on  this 
subject.  The  measurement  at  this  height  can  be  imagined  to  have  been 
obtained  by  a ship  at  a fixed  point  on  the  ocean  surface  equipped  with  a 
well  designed  properly  exposed  cup  anemometer  and  a wind  vane.  There 
are  standard  routines  to  correct  the  measurements  made  when  the  ship  is 
under  way  that  are  applied  by  the  transient  ships  equipped  with  anemo- 
meters for  measuring  the  wind.  One  of  the  major  problems,  however,  is 
that  the  anemometers  on  the  ships  that  report  the  winds  are  Installed 
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at  many  different  heights,  and  the  reports  are  not  corrected  to  a 
standard  height  of  19.5  meters,  or  any  other  appropriate  standard 
hel^t,  for  the  analysis  of  the  wind  field.  This  source  of  vari- 
ability has  been  carefully  removed  whenever  possible  in  the 
analysis  of  all  of  the  meteorological  data  provided  to  this  program. 

The  design  of  an  anemometer  is  subject  to  many  constraints,  and 
anemometers  have  many  different  kinds  of  shortcomings.  For  example, 
if  an  anemometer  is  subjected  to  a step  response  gust,  it  has  a start 
up  time  and  it  will  generally  overshoot  the  wind  value  given  by  the 
step  response.  If  it  responds  to  direction,  it  will  oscillate  about 
the  mean  value  of  the  step  response  before  it  settles  down  to  the 
correct  value.  Anemometers  have  a time  lag,  and  anemometers  can  give 
erroneous  readings  if  they  are  mounted  or  calibrated  improperly.  If 
the  measurements  are  not  averaged  for  a long  enough  time,  the  average 
wind  can  have  errors  because  the  turbulent  components  have  not  been 
properly  filtered  out.  The  radar  backscatter  measurements  by  S193 
are  subject  to  these  same  kinds  of  errors.  They  have  to  be  discussed 
and  interpreted  in  a way  analogous  to  a discussion  of  the  proper 
calibration  of  an  ordinary  anemometer. 

The  radar  part  of  the  S193  system  can  be  considered  to  be  the 
data  link  between  the  anemometer,  which  is  the  wind  roughened  sea 
surface,  and  the  recording  system,  which  is  the  spacecraft.  The 
information  transmitted  on  the  data  link  is  the  strength  of  the  back- 
scattered  signal  which  is  a function  of  how  rough  and  how  high  the 
capillary  waves  (and  larger  waves)  are  on  that  portion  of  the  sea 
surface  illuminated,  by  the  radar.  The  waves,  in  turn,  will  vary  as  a 
function  of  the  wind  over  the  ocean. 

The  portion  of  the  ocean  illuminated  by  the  radar  varies  in 
dimensions  depending  upon  the  nadir  angle.  Table  1.1  shows  the 
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dimensions  of  the  cell  as  a function  of  scan  angle  for  SKYIAB.  Many 
tens  of  square  kilometers  are  illuminated  by  the  radar  beam  during 
the  process  of  making  the  measurement,  which  is  accomplished  in  a 
fraction  of  a second.  The  area  average  due  to  the  dimensions  of  the 
beam  replaces  the  time  average  of  a measurement  made  by  a conventional 
anemometer,  and,  in  fact,  it  is  far  superior  to  such  a time  average. 

The  dimensions  of  the  patch  that  is  illuminated,  especially  at  nadir 
angles  of  30° , 40° , and  50° , effectively  filters  out  all  of  the  short 
period  gusts  and  temporal  fluctuations  in  the  wind  with  periods  shorter 
than  twenty  minutes j or  so.  The  measurement  made  by  the  radar  is  thus 
analogous  to  having  had  20  or  30  ships  uniformly  spaced  over  this  area, 
each  making  a twenty  minute  measurement  of  the  wind  at  the  appropriate 
anemometer  height,  each  averaging  that  measurement,  and  then  averaging 
these  averages  to  obtain,  in  principle,  given  well  calibrated  instruments, 
a very  stable  number  to  represent  the  wind  for  synoptic  scale  purposes. 


Table  1.1  Dimensions  and  areas  of  the  patch  of  sea  surface  scanned 
by  S193  as  a function  of  the  angle  of  the  antenna  scan, 
(as  designed)* 


Angle 

0° 

15.6° 

29.4° 

40.1° 

48* 

Approximate  Length  (KM) 

11 

12 

15 

21 

29 

Approximate  Width  (KM) 

11 

12 

13 

15 

17 

Area  (KM)^ 

95 

108 

151 

236 

385 

Incremental  Area 

21 

39 

68 

97 

142 

(caused  by  movement  of  SKTIAB  during  measurement  time) 

The  measurements  made  from  SmAB  should  be  expected  to  be  much  mote 
stable  and  much  more  representative  of  the  quantities  required  for 
synoptic  scale  meteorological  purposes  and  global  numerical  weather 
predictions  than  those  that  are  usually  obtained  from  ships  at  sea. 

Only  in  scientific  investigations  is  the  wind  typically  averaged  for 
a full  twenty  minutes.  Most  observers  on  ships  do  not  average  the  winds 

* 

These  angles  and  areas  were  actually  slightly  different. 
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for  this  length  of  time,  and  an  element  of  sampling  variability 
represented  by  the  residual  effect  of  the  gustiness  is  usually  present 
even  in  the  most  carefully  made  observation  of  the  wind  by  a ship. 

The  waves  that  respond  to  the  wind  and  are  the  anemometer  for 
this  experiment  have  a time  lag  similar  to  the  time  lag  of  an 
anemometer.  The  time  lag  for  the  response  of  the  capillary  waves  is 
negligible.  Capillary  waves  can  be  shown  to  track  the  gustiness  of  the 
local  winds  within  the  illisninated  spot.  The  most  dramatic  example  of 
this  effect  is  the  so-called  cats  paws. 

However,  the  larger  gravity  waves,  on  which  the  capillary  wave 
ride,  do  have  time  lags,  and  these  waves  need  not  necessarily  correspond 
to  the  local  wind  conditions.  As  the  discussion  of  radar  backscatter 
theory  shows,  in  another  section  of  this  report,  this  one  feature  is 
probably  the  last  problem  of  radar  backscatter  theory  that  needs  to  be 
resolved.  In  the  work  of  Fung  and  Chan  (1975),  fully  developed  wind 
generated  seas  were  assumed,  and  the  probability  density  function  for  the 
slopes  was  based  upon  such  an  assumption.  However,  for  actual  ocean 
conditions,  the  gravity  waves  need  not  necessarily  be  lined  up  in  the 
appropriate  direction  with  reference  to  the  local  wind,  they  need  not 
necessarily  be  either  as  high  or  as  low  as  that  xvrind  speed  alone  requires 
they  should  be  according  to  the  fully  developed  spectrum  described  by 
Pierson  and  Moskowitz  (1964).  The  effect  of  the  tilts  and  the  slopes  of 
these  larger  gravity  waves  may  cause,  and  probably  do  cause,  fluctuations 
in  the  measurements  of  the  backscatter  of  some  as  yet  to  be  determined 
amount,  perhaps  a half  db  or  so,  that  need  to  be  corrected  for. 

Unfortunately,  the  wavelengths  for  most  of  the  tilting  mechanisms  in 
these  theories  are  of  the  order  of  perhaps  100  to  1000  times  the  length 
of  tdia  radar  wavelength,  which  is  two  and  a fraction  centimeters,  so  that 
the  slopes  of  pieces  of  the  ocean  of  two  meters  to  twenty  meters  in 
diameter  are  involved.  These  slopes  are  controlled  by  the  local  winds  and 
probably  reach  equilibrium  with  the  local  winds  within  an  hour  or  so  even 

if  the  winds  change  abruptly.  This  part  of  the  wave  spectrum  is  not  well 
understood. 
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Any  additional  contribution  to  the  slopes  that  provide  a tilting 
mechanism  for  a more  adequate  Bragg  scattering  theory  due  to  the  larger 
and  longer  gravity  waves  will  cause  small  perturbations.  It  would  be 
expected  that  these  effects  would  be  most  pronounced  for  the  lighter 
winds.  If  the  winds  are  perhaps  seven  and  a half  meters  per  second , 
the  theories  for  the  generation  of  waves  will  indicate  that  the  fully 
developed  waves  would  be  1.2  meters  high.  The  actual  waves  could  be 
two,  three,  or  four  times  higher  than  this,  and  have  come  from  some 
other  part  of  the  ocean.  They  would  be  long  gravity  waves,  but  they 
could  contribute  enough  to  the  slope  variances  that  enter  into  the  theory 
of  Fung  and  Chan  so  as  to  change  the  theoretical  value  of  backscatter 
measurement  by  an  amount  that  would  be  sufficient  to  generate  some  error 
in  the  estimate  of  the  wind  speed. 

SURFACE  TRUTH  STRATEGY 

Plans . Extensive  plans  were  made  for  underflights  by  aircraft  to 
make  measurements  at  some  of  the  cells  scanned  by  S193.  However,  it 
was  recognized  from  the  start  of  the  program  that  this  subset  of  cells 
would  be  an  extremely  small  fraction  of  the  total  number  of  cells  that 
would*  be  scanned.  Aircraft  simply  cannot  keep  up  with  spacecraft. 

For  this  reason,  plans  were  made  to  acquire  data  from  the  more 
conventional  meteorological  sources  distributed  over  the  oceans.  At  the 
time  of  SKYLAB,  these  conventional  sources  consisted  mainly  of  the 
various  on  station  weather  ships  and  of  the  ships  at  sea  that  radio  in 
weather  reports  every  six  hours  for  synoptic  weather  map  analysis.  Plans 
were  also  made  to  acquire  whatever  data  might  be  useful  from  other  types 
of  spacecraft,  such  as  the  NOAA  and  Air  Force  spacecraft,  which  were  then 
in  operation. 

The  surface  truth  strategy  for  this  part  of  the  program  was  very 
simple.  It  consisted  of  contacting  every  available  known  source  of 
meteorological  and  oceanographic  data  acquired  over  the  oceans  on  a 
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routine  basis  and  obtaining  copies  of  these  data  before  and  after  the  pass 
of  over  a given  portion  of  the  ocean. 

As  a part  of  these  data  taking  operations,  plans  were  made  to  have 
the  weather  ships  take  special  wind  and  wave  observations  at  the  time  of 
passage  of  SKYLAB,  starting  ten  minutes  before  and  ending  ten  minutes 
after  a pass.  Special  forms  were  distributed  to  the  ships  which  were 
mailed  back  upon  completion  of  each  cruise.  Ships  from  Canada,  the 
Netherlands,  France,  and  Great  Britain  participated  in  this  program. 

It  took  a number  of  months  to  acquire , collate , and  utilize  this 
large  amount  of  conventionally  obtained  data,  and  the. data  were  used  not 
only  for  the  times  of  the  passes  but  during  the  entire  second  and  third 
manned  periods  of  smAB,  (SKYLAB  3 and  SKYLAB  4).  The  s3moptic  data 
used  for  weather  forecasts  on  a global  basis,  or  on  a northern  hemisphere 
basis,  is  a transient  kind  of  data.  It  exists  at  the  time  it  is  needed 
for  purpose  of  preparing  meteorological  forecasts.  Shortly  thereafter, 
some  of  it,  but  not  all  of  it,  becomes  archived  in  the  meteorological  and 
oceanographic  centers  of  various  nations,  and  it  is  often  very  difficult 
to  retrieve  these  data  once  they  have  been  archived. 

The  AVA  Pass.  Some  idea  of  the  importance  of  getting  data  for  S193, 
even  in  the  presence  of  the  many  difficulties  experienced  with  the 
spacecraft,  can  be  obtained  by  a brief  description  of  what  happened  when 
the  pass  over  AVA  was  made.  At  this  point  in  time,  the  solar  shield,  or 
umbrella,  had  been  deployed  on  the  spacecraft,  but  one  solar  panel  for 
electrical  power  was  still  stuck  in  its  undeployed  position.  A second 
solar  panel  liad  tom  away  from  the  spacecraft,  and  only  the  panels  for  the 
astronomical  units  were  operational,  A disturbance  has  formed  over 
Mexico  and  had  moved  out  over  the  North  Pacific  Ocean,  as  a back  door 
tropical  cyclone. 

Predictions  indicated  that  SKYLAB  would  pass  near  tropical  cyclone 
AVA  xAich  would  be  just  barely  in  range  of  the  cross-track  non-contiguous 
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mode,  scanning  off  to  the  appropriate  side.  It  was  also  indicated  that 
the  spacecraft  would  accidentally  be  nearly  in  the  z local  vertical 
mode.  Usually,  for  all  of  the  measurements  with  the  EBEF  package,  the 
spacecraft  had  to  be  rotated  to  a new  position  by  means  of  three 
gyroscopes  on  the  spacecraft  so  that  the  instrument  package  pointed 
straight  down  and  a zero  degree  nadir  angle  could  be  achieved. 

These  facts  were  ascertained  about  six  to  eight  hours  before  the 
spacecraft  was  due  to  pass  the  tropical  hurricane  and,  in  view  of  the 
importance  of  obtaining  data  for  this  program,  only  S193  was  turned  on 
during  the  time  that  SKTIAB  was  passing  AVA,  roughly  from  the  moment 
it  passed  the  southern  tip  of  Baja,  California  until  it  had  gone  several 
hundred  miles  past  the  eye,  which  was  off  to  the  right  of  the  direction 
of  the  spacecraft  travel.  No  other  instruments  were  turned  on,  and 
SKYLAB  was  not  maneuvered  to  stay  in  z local  vertical  during  the  pass. 

It  was  necessary  to  correct  the  measurements  for  slight  deviations 
from  the  nominal  design  nadir  angles  and  to  correct  for  the  effects  of 
the  Doppler  filters  tor  the  extreme  end  of  the  pass.  A good  set  of  data 
was  recovered  from  this  one  tropical  cyclone,  even  with  SKYLAB  still  in  a 
crippled  condition,  without  adequate  electrical  power.  Two  additional 
passes  were  made  during ’'this  first  manned  period  over  the  Gulf  of  Mexico 
that  provided  additional  data  for  light  winds,  and  an  aircraft  flight  under 
the  spacecraft  in  the  Gulf  of  Mexico  provided  a cross  calibration  between 
the  AAPE  Langley  radar  on  an  aircraft  and  S193  on  the  spacecraft  for  wind 
near  13  knots. 

Once  the  pass  for  AVA  was  decided  upon,  a NOAA  aircraft  operating 
under  a different  proposal,  EPN  440,  was  dispatched.  It  arrived  in 
Acapulco,  Mexico  at  about  the  time  of  the  spacecraft  passage,  and  flew 
into  the  hurricane  roughly  two  hours  after  the  data  were  obtained  by 
SKYIAB. 
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In  all  of  the  analyses  that  follow,  it  has  been  necessary  to 
extrapolate  and  interpolate  the  laeasureinents  made  by  aircraft,  ships, 
data  buoys  and  other  spacecraft  to  the  time  of  the  measurements  made 
by  S193  on  SKYIAB.  The  details  of  this  will  be  discussed  later. 

However,  the  penetration  of  AVA  by  the  NOAA  aircraft,  plus  other 
penetrations  by  Navy  and  Air  Force  aircraft,  both  before  and  after  the 
tiine  of  the  SKYLAB  pass,  provided  data  that  allowed  the  wind  field  for 
the  hurricane  to  be  reconstructed  for  the  time  of  the  pass  according  to 
theories  that  had  been  developed  and  tested  on  nun^rous  other  hurricanes 
in  the  Gulf  of  Mexico, 

The  Routine  for  a Particular  S193  Pass.  The  events  that  transpired 
to  acquire  data  for  tropical  hurricane  AVA  have  already  been  described. 

For  the  other  passes  that  were  obtained,  a routine  was  followed  that 
should  be  described.  When  the  SKYLAB  spacecraft  was  manned  and  in 
operating  condition,  several,  perhaps  as  many  as  four,  candidate  segments 
of  different  orbits  would  be  selected  at  the  Manned  Spacecraft  Center 
during  which,  for  one  of  these  orbits,  SKYLAB  would  be  put  into  the  z 
local  vertical  mode  and  the  various  instruments  of  the  Earth  Resources 
Experiment  Package  would  be  operated.  These  candidate  orbit  sections 
were  announced  48  hours  in  advance  by  telephone,  and  the  principal 
Investigators  for  the  various  programs  could  obtain  a list  of  them.  Some 
of  these  orbit  segments  would  continue  out  over  the  ocean,  or  could  be 
started  over  the  ocean. 

At  the  time  of  the  data  taking  phase  for  SKYLAB,  the  group  associated 
with  the  City  University  of  New  York  had  access'  to  the  complete  facilities 
of!  the  National  Weather  Service  offices  and  data  acquisition  network.  All 
of  the  numerical  weather  forecasting  products  produced  by  the  National 
Weather  Service,  plus  all  of  the  analyses  of  the  surface  synoptic  charts 
for  the  North  Atlantic  and  North  Pacific,  plus  information  on  hurricanes, 
plus  terietype  data,  plus  spacecraft  cloud  imagery  were  available  on  a real 
time  operational  basis.  The  48  hour  surface  prognostic  chart  based  on  the 
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six  level  primitive  equation  model  then  operational  at  the  National 
Weather  Service  was  most  helpful. 

Given  the  candidate  passes,  the  48  hour  forecasts  for  the 
northern  hemisphere  were  used  to  obtain  a forecast  of  ijdiat  the  wind 
speeds  and  directions  would  be  for  the  different  scanning  modes  for 
the  different  orbit  segments.  If  the  potential  pass  would  yield  wind 
speeds  and  directions  that  would  help  complete  the  range  of  values 
desired,  it  was  requested  along  with  concurrent  operation  of  the 
cameras  and  the  other  instruments,  with  the  exception  of  the  high  data 
rate  multifrequency  scanner.  At  times,  optimum  conditions  for  the 
operation  of  the  other  instruments  would  not  occur  when  there  were  high 
winds,  and  the  use  of  the  other  instruments  was  waived  in  order  to  obtain 
S193  data. 

The  pass  would  be  confirmed,  or  denied,  24  hours  prior  to  the  time 
it  would  take  place.  Once  the  pass  was  confirmed,  along  with  the  scanning 
mode,  numerous  telephone  calls  were  made,  and,  if  needed,  telegrams 
were  sent.  The  telephone  calls  requested  hemispherical  surface  charts 
prior  to  and  after  the  pass,  geostationary  cloud  imageiry  near  the  pass, 

VTPR  data  near  the  pass,  sea  surface  IR  temperature  fields,  and  other 
useful  material  from  our  co-principal  investigators  at  the  National 
Environmental  Satellite  Center,  They  also  requested  the  Air  Force  DAFP 
data  prepared  just  before  and  just  after  the  pass.  Either  a telephone 
call  or  a telegram  alerted  either  European  or  Canadian  weather  centers, 
who  then  radioed  the  weather  ships  as  to  the  time  of  the  SKTLAB  pass  so 
that  they  could  take  special  observations. 

During  the  peak  period  of  activity,  the  volume  of  mail  of  use  to  the 
analysis  of  the  S193  SKYLAB  data  reached  an  amount  such  that  a canvas 
lined  cart  roughly  three  feet  deep  by  three  feet  wide  by  four  feet  long 
would  be  completely  full  when  delivered  during  the  day.  These  data  were 
sorted  according  to  the  particular  pass  and  used  to  define  the  cloud 
conditions,  the  atmospheric  conditions,  the  sea  surface  temperatures,  and  the 
winds  for  each  pass. 
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The  swath  width  of  S193  in  the  cross  track  non-contiguous 
mode  was  so  great  that  the  cameras  and  other  sensors  on  SKYLAB 
could  not  cover  the  cells  scanned  in  this  mode.  This  was  the  main 
reason  for  the  plan  to  gather  cloud  and  sea  surface  temperature 
data  from  other  sources.  A second  reason  was  that  S193  could  have 
stood  by  itself  as  an  instrument  even  in  the  absense  of  any  other 
instruments  on  SKYLAB,  should  such  an  eventuallity  have  arisen. 

The  conventional  data  base  was  sufficient  to  provide  supplementary 
surface  truth  for  sea  surface  temperature,  clouds,  and  atmospheric 
structure.  Ship  reports  of  wind  speed  were  acquired  to  supplement 
the  aircraft  underflights  and  special  weather  ship  reports. 

SUMMARY  OF  DATA  USED  AS  SURFACE  TRUTH 

Meteorological  and  oceanographic  data  to  be  used  as  the  sur- 
face truth  in  providing  estimates  of  the  wind  in  the  planetary  boundary 
layer  and  of  the  waves,  cloud  conditions,  and  atmospheric  structure 
were  obtained  from  NASA,  NOAA,  DOD,  and  UCAR  and  from  international 
sources  including  the  World  Meteorological  Organization.  Some  data 
were  redundant;  some  data  were  not  used  for  various  reasons;  but, 
at  least,  all  data  of  any  possible  use  were  collected  in  near  real 
time  during  the  experiment. 

NASA.  The  National  Aeronautics  and  Space  Administration  pro- 
vided surface  truth  in  terms  of  aircraft  underflights  planned  for 
several  purposes.  Winds  were  measured  by  means  of  the  aircraft  it- 
self flying  at  a low  altitude  and  comparing  air  speed  with  data 
from  an  inertial  navigation  system.  The  radar  backscattering  cross 
section  was  measured  by  means  of  a radar  quite  similar  to  S193  except 
for  modifications  needed  so  that  it  could  be  used  on  an  aircraft. 

This  area  of  NASA  support  was  in  part  provided  by  the  L.B.  Johnson 
Manned  Space  Center  and  in  part  by  the  Advanced  Applications  Flight 
Experiment  program  base  at  the  NASA  Langley  Research  Center. 
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HOAA.  The  National  Oceanic  and  Atmospheric  Administration 
provided  support  at  the  Regional  Office  in  New  York  City  by  per- 
mitting unlimited  access  to  the  NOAA  data  products  and  forecasting 
products.  The  schedules  for  the  facsimile  machines  were  changed 
so  as  to  provide  analysed  fields  and  other  data,  depending  on  the 
potential  swaths  for  SKYLAB. 

The  Atlantic  Oceanographic  and  Meteorological  Laboratory  of 
NOAA  provided  additional  aircraft  underflights  that  obtained  wind 
speeds  and  directions,  wave  heights,  cloud  data,  microwave  data  and 
other  data  in  a program  called  epn  460  The  aircraft  data  from 
AVA  were  most  important  for  the  analysis  of  the  winds  in  that  hurri- 
cane. 

Copies  of  the  reconnaissance  reports  and  in-flight  logs  of 
the  aircraft  that  penetrated  tropical  storm  CHRISTINE  were  made 
available  from  the  files  of  the  National  Hurricane  Center.  The  data 
were  for  the  six  hour  period  up  to  the  time  of  the  pass  and  in- 
cluded dropsonde  data,  eye  penetration  reports  and  special  low  level 
wind  measurements. 

Our  co-investigators  at  the  National  Environmental  Satellite 
Center  of  NOAA  intercepted  the  real  time  meteorological  data  that 
are  obtained  by  NOAA  for  each  SKYLAB  pass  that  used  S193.  These  data 
consisted  of  the  six  hourly  surface  synoptic  chart  analyses,  the 
various  NOAA  satellite  cloud  images  in  both  the  visible  and  infrared, 
the  attnospheric  soundings  from  VTPR,  and  surface  temperature  fields. 

POD,  The  Department  of  Defense  provided  support  in  terms  of 
magnetic  tapes  of  ship  reports,  surface  pressure  fields,  sea  surface 
temperature  and  DAPP  cloud  data.  The  ship  reports  are  collected 
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every  six  hours  for  the  synoptic  weather  map  times  and  maintained 
on  a permanent  file  at  the  Fleet  Numerical  Weather  Facility  at 
Monterey,  California,  along  with  six  hourly  analyses  for  the  northern 
hemisphere  of  the  sea  level  pressure  field,  and  12  hourly  analyses 
of  the  air  temperature  and  vapor  pressure  field.  These  files  were 
for  the  continuous  period  from  00  Greenwich  Mean  Time  (OCT) 

July  15,  1973  to  12  GMT  Febmary  2,  1974.  Approximately  300,000 
ship  reports  were  obtained.  The  reports  were  not  homogeneously 
distributed  in  time.  For  example,  for  the  North  Atlantic  Ocean 
there  were  typically  150  ship  reports  at  00  GMT,  about  a hundred 
reports  at  06  GMT,  about  250  reports  at  12  GMT  and  200  at  18  GMT. 

Also  made  available  were  the  DAPP  cloud  data  from  another 
source  in  DOD.  These  analyses  describe  the  cloud  structures  as  a 
function  of  height  over  the  northern  hemisphere.  The  plan  was  to 
use  these  data  to  supplement  the  passive  microwave  measurements 
for  calculating  attenuation  effects. 

UCAR.  At  the  time  of  the  passes  over  the  North  Pacific, 
the  University  Corporation  for  Atmospheric  Research  was  conducting 
research  with  aircraft  and  buoys  off  the  coast  of  the  states  of 
Washington  and  Oregon.  Several  SKYLAB  passes  during  SKYLAB  3 
were  coordinated  with  aircraft  flights  made  by  UCAR.  Unfortunately, 
the  cells  that  might  have  been  used  also  included  some  land,  and 
the  data  from  UCAR  could  not  be  used. 

International  Support.  International  support  was  provided 
by  the  Weather  Ships  operated  by  Canada,  the  United  Kingdom,  France, 
and  the  Netherlands.  When  a Weather  Ship  was  at  a location  where 
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the  CTNC  mode  scanning  pattern  would  have  points  surrounding  that 
ship,  special  observations  starting  ten  minutes  before  and  ending 
ten  minutes  after  SKYLAB  passage  were  made.  Successive  one  minute 
averages  of  wind  speed  and  direction  entered  on  a special  form  and 
a wave  record  made  with  the  Tucker  Shipborne  wave  recorder  were  ob- 
tained and  mailed  to  us. 

Finally,  the  World  Meteorological  Organization  collected  data 
on  all  weather  reporting  ships  and  published  the  data  in,  "The 
International  List  of  Selected,  Supplementary  and  Auxiliary  Ships", 

WMO  Publication,  No.  47  (1974).  Included  were  the  call  letters  of 
the  ship,  information  on  whether  or  not  the  ship  had  an  anemometer, 
and,  if  it  had  one,  what  the  height  of  the  anemometer  was  above  the 
sea  Surface,  if  it  was  known.  The  data  in  the  tables  of  this  document 
were  also  available  on  a magnetic  tape  which  was  purchased,  repro- 
cessed at  the  National  Weather  Records  Center,  and  used  in  the  analysis 
of  the  ship  reports  obtained  from  the  Fleet  Numerical  Weather  Center. 
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ERRORS  IN  THE  MEASUREMENT  OF  THE  WIND 

A perfectly  designed  experiment  is  not  easily  achieved.  Frequently, 
something  will  go  wrong,  or  some  essential  component  required  for  a com- 
plete understanding  of  the  data  obtained  will  have  been  overlooked  in  the 
description  of  the  program  to  be  carried  out.  In  this  program,  there 
were  two  aspects  of  the  problem  that  were  missed  in  the  planning  and  ex- 
ecution stages  that  have  just  been  described. 

The  first  aspect  that  was  missed  was  that  of  the  effect  of  wind 
direction  on  the  backscatter  measurements,  A vector  cannot  be  fully 
specified  by  one  measurement.  The  other  aspect  of  the  experiment  that 
was  missed  in  the  experimental  design  was  that  of  being  able  to  evaluate 
quantitatively  the  accuracy  of  the  independently  obtained  wind  speeds 
and  directions  against  which  the  radar  backscatter  measurements  were  to 
be  compared.  These  essential  aspects  of  the  experiment  could  have  in- 
validated it  if  solutions  had  not  been  obtained  during  the  analysis  phase. 
One  of  the  challenges  of  doing  research  is  to  be  able  to  devise  adequate 
solutions  to  unforseen  problems  when  they  arise. 

It  was  not  particularly  difficult  to  account  for  the  effect  of 
wind  direction  and  to  relate  the  backscatter  measurement  to  the  magni- 
tude of  the  vector  wind.  This  was  done  by  means  of  two  techniques,  one 
being  the  equivalent  upwind  technique  of  Young  using  the  AFFE  data 
and  the  theory  of  Fung  and  Chan  as  given  in  Appendix  D.  The  other 
was  to  treat  the  wind  direction  as  known  from  the  meteorological  data 
to  correct  the  analysis  for  possible  errors  in  this  wind  direction. 
The  second  problem,  namely  that  of  the  quality  of  the  surface 
truth  was  not  solved  until  the  very  end  of  the  program.  It  was,  in  a 
sense,  the  crux  of  the  entire  experiment.  In  the  various  presentations 
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of  the  preliminary  results  of  this  program  there  was  one  persistent 
skeptic  who  kept  asking  the  embarassing  question,  "How  did  you  measure 
the  winds  that  provided  the  surface  truth  for  this  experiment,  and 
how  accurate  were  they?"  Questions  of  this  nature  can  be  ignored,  or 
answered  with  a cliche , or  thought  about , and  eventually  answered 

correctly. 

It  was  not  possible  to  measure  the  winds  at  every  cell  scanned  by 
Sky lab.  In  fact,  three  different  methods  had  to  be  used  to  obtain  the 
winds  that  were  used  as  surface  truth.  These  methods  are  described  in 
Chapter  4.  These  methods  had  errors  of  a particular  and  rather  peculiar 
nature  associated  with  them.  The  last  and  very  important  part  of  this 
investigation  was  that  of  quantifying  these  errors  and  relating  them  to 

the  basic  objectives  of  remote  sensing. 

Three  anemometers,  side  by  side,  at  the  same  elevation  above  the 
sea  surface  each  recording  the  wind  speed  and  direction  on  a continuous 
recorder  could,  at  a particular  instant,  record  three  completely  different 
values  of  the  wind  speed  and  direction,  and,  yet,  each  could  be  properly 
designed  and  calibrated  and  each  value  would  be  correct.  The  time  con- 
stant of  the  instruments  would  be  different,  and  the  instruments  would 
then  respond  to  different  eddy  scales  in  the  wind.  Although  the  three 
measurements  would  be  different,  the  differences  are  not  necessarily 
errors  and  can  be  explained  in  terms  of  the  properties  of  the  instrument 
and  the  nature  of  turbulence. 

In  this  program,  the  problem  is  to  compare  wind  measurements  made 
by  a radar  on  a spacecraft  with  wind  measurements  made  by  more  conven- 
tional methods,  and  with  winds  computed  from  meteorological  theory. 
Althou^  the  differences  in  the  measurements  made  in  these  different  ways 
have  been  treated  as  errors  in  Chapter  4 and  8,  perhaps  other  terms 
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such  as  radar  wind  variability,  meteorological  wind  variability  and 
mean  square  wind  magnitude  difference  might  have  been  more  apt. 

The  proper  wind  to  use  for  a particular  application  depends  on 
that  application.  High  frequency  fluctuations  in  the  wind  are  im- 
portant to  *t«idy  turbulence  and  Reynold's  stresses.  Other  measures 
such  as  the  peak  five  minute  and  two  minute  gusts  in  a one  hour  record 
are  important  in  building  design.  The  application  of  this  method  of 
remote  sensing  is  the  improved  measurement  of  the  synoptic  scale  winds 
in  the  planetary  boundary  layer  so  as  both  to  define  these  winds  more 
effectively  over  the  global  ocean  and  also  to  permit  a more  accurate 
initial  value  specification  of  the  planetary  boundary  layer  for  numerical 
weather  prediction  methods. 

For  the  second  application,  the  wind  needs  to  be  averaged  over  an 
appropriate  time  and  space  scale  that  in  part  depends  on  the  grid  spac- 
ing of  the  meteorological  prediction  model.  Spatial  fluctuations  with 
high  wavenumbers  need  to  be  suppressed  so  that  they  will  not  alias  into 
low  wavenumbers  and  propagate,  in  turn,  into  forecast  errors.  Also 
to  some  extent  the  amount  of  smoothing,  or  averaging,  of  the  wind  depends 
on  the  particular  theory  used  to  parameterii  e the  effects  of  turbulence 
in  the  equations  of  motion  for  the  mean  flow  that  are  used  for  numerical 
weather  prediction. 

A goal  of  this  particular  remote  sensing  technique  is  to  define  the 
winds  in  the  planetary  boundary  layer  over  a time, or  space, average  that  will 
yield  the  best  possible  numerical  prediction  for  appropriate  forecast 
ranges  for  particular  prediction  models.  It  is  here  that  the  radar  method 
has  a clear  superiority  over  other  methods,  not  only  because  of  the  greater 
volume  of  data  but  also  on  a one  to  one  comparison  basis.  It  trades  an 
extensive  spatial  average  over  an  area  for  a time  average  at  a point. 


Although  the  wind  could  in  pfincipal  be  measured  accurately  and.  correctly 

by  a ship  or  a data  buoy,  and  the  value  reported  could  be  an  absolutely 
correct  value  for  the  wind  at  that  point  in  space  as  averaged  over  a 
minute,  or  ten  minutes,  or  twenty  minutes,  that  measurement  at  a point 
far  from  a grid  point  of  the  numerical  model  is  not  the  measurement  that 
needs  to  be  made. 

In  this  sense,  then,  it  is  not  that  the  wind  measurements  reported 
by  ships  have  errors,  since  in  one  sense  they  are  correctly  made,  but  it 
is  that  these  measurements  are  inadequate  in  that  both  the  way  they  are 
made  and  their  irregular  spacing  and  low  density  over  the  oceans  do  not 
permit  a definition  of  the  full  wind  field  for  the  purposes  of  modern 
meteorological  theory. 

The  so-called  errors  in  the  meteorological  winds  described  in 
Chapters  4 and  8 not  only  take  into  account  such  effects  as  the  brief 
averaging  time  for  most  measurements  but  also  the  effects  of  trying  to 
define  a vector  field  from  a limited  amount  of  data  irregularly  and  un- 
evenly spaced  over  the  oceans.  From  the  point  of  view  of  specifying 
the  vector  wind  field  completely  over  the  global  ocean  on  a uniform 
grid  of  points  to  a required  accuracy,  ship  reports  introduce  errors, 
and  it  is  in  this  sense  that  the  errors  in  the  meteorologically  specified 
winds  will  be  discussed. 

From  the  point  of  view  of  the  goals  of  numerical  weather  pre- 
diction, other  systems  could  be  concieved  that  could,  in  principal,  do 
as  well.  A weather  ship,  or  a data  buoy,  at  almost  every  five  degree 
intersection  of  latitude  and  longitude  might  be  almost  as  good,  and 
would  certainly,  if  it  existed,  improve  weather  forecasts.  Inexpensive 
floating  devices  that  would  transmit  sea  level  atmospheric  pressure 
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have  been  suggested.  Other  ideas  have  undoubtedly  also  been  put  forth. 
None  have  the  potential  of  one  single  instrument  on  a single  platform 
capable  of  measuring  the  winds  at  about  320,000  points  per  day. 

As  the  material  in  this  report  is  presented,  it  will  show  that 
the  errors,  in  the  sense  just  defined,  are  surprisingly  large,  at  least 
for  the  planetary  boundary  layer  model  that  was  used,  and  that  the 
ability  to  specify  the  wind  field  in  the  planetary  boundary  degrades 
systematically  as  a function  of  Aether  or  not  a weather  ship  was 
nearby,  or  an  aircraft  underflight  occurred,  for  a particular  cell, 
or  vdiether  or  not  a ship  report  was  available  near  the  cell,  or,  as  the 
last  recourse,  the  isobaric  field,  extrapolated  (or  interpolated?)  into 
the  area  of  the  cell  that  was  scanned  was  used  to  compute  the  wind. 

The  errors  increase  as  the  quality  of  the  information  used  in  the 
analysis  degrades,  but  in  each  category,  the  errors  still  appear  to 
be  random. 

The  analysis,  as  carried  out,  has  features  that  appear  to  be 
unique,  and  that  have  not  been  discussed  in  the  meteorological  literature 
(to  our  knowledge) . With  such  large  inherent  errors  in  the  analysis  of 
th0  most  complicated  portion  of  the  atmosphere  for  numerical  prediction 
methods,  it  should  be  no  longer  surprising  that  certain  kinds  of  errors 
consistently  occur  in  numerical  weather  forecasts  in  the  three  to  four 
day  time  frame.  The  errors  in  the  initial  value  specification  over  the 
oceans  have  simply  propagated  and  magnified  to  the  point  where  consistent 
forecast  busts  occur. 


28 


CHAPTF^l  3 THE  S193  RADSCAT  MEASUREMENTS  IN 

NONCONTIGUOUS  MODES  OVER  THE  OCEAN 

INTRODUCTION 

Between  June  5,  1973  and  February  1,  1974,  SKYLAB  made  26 
pas$es  In  the  z local  vertical  mode  over  the  oceans  during  which 
useable  S193  data  in  a non>contiguous  scanning  mode  were  obtained. 
For  these  26  passes , the  instrument  was  operated  for  a total  of 
140  minutes  and  29  seconds,  or  the  equivalent  of  1.51  orbits  of 
SKYLAB. 

Information  on  these  26  passes  is  given  in  Table  3.1  in  which 
the  pass  is  identified  and  the  general  location,  scanning  mode,  the 
beginning  and  ending  time  of  the  pass  and  the  duration  are  tabulated. 
In  the  analysis  and  reduction  of  the  data,  the  data  from  SKYLAB  2 
and  SKYLAB  3 were  treated  as  one  set,  and  the  data  from  SKYLAB  4 
were  treated  as  a second  set  for  reasons  to  be  explained  later. 

SKYLAB  2 

During  SKYLAB  2,  three  useful  passes  were  obtained  on  June  5,  6 
and  11,  1973.  The  one  on  June  6 was  the  Hurricane  AVA  pass.  Winds 
from  6 or  7 knots  to  over  40  knots  were  present  in  the  various  cells 
scanned  by  the  instrument  on  these  three  different  days.  The  back- 
scattering  coefficient  at  50°  nominal  nadir  angle  for  varied  by 

HH 

about  20  db.  An  AAFE  Radscat  underflight  in  the  Gulf  of  Mexico 
on  June  5 where  13  knot  winds  occurred  demonstrated  close  agree- 
ment between  the  aircraft  measurements  and  the  spacecraft  measure- 
ments as  reported  in  Grantham  et.al.  (1975). 


TABLE  3.1  S-193  RADSCAT  NONCONTIGUOUS  MEASUREMENTS  OVER  THE  OCEANS 


EREP 

DATE 

ffllT  START 

GMT  STOP 

No. 

DOY 

1973 

LOCATION  _ 

MODE 

TRACK 

h / m/  s 

h / m/  s 

DURATION 

5 

156-1 

June  5 

Gulf  of  Mexico, 

ITNC 

34 

18/02/08 

18/08/51 

6m  43s  SL  2 

Caribbean- 

AVA 

157-1 

June  6 

Hurricane  Ava 

CTNC-R 

49 

18/55/42 

18/59/01 

3m  19s 

8 

162-1 

June  11 

: Gulf  of  Mexico 

ITNC 

48 

15/20/21 

14/24/08 

3m  47s 

13 

216-1 

Aug.  4 

North  Pacific 

CTNC-L/R 

48 

17/08/12 

17/11/51 

3m  39s  SL  3 

13 

216-2 

Aug.  4 

North  Pacific 

ITNC 

48 

17/12/04 

17/14/45 

2m  41s 

16 

220-1 

Aug.  8 

North  Pacific 

CTNC-L/R 

34 

15/51/22 

15/54/40 

3m  18s 

16 

220-2 

Aug.  8 

North  Pacific 

ITNC 

34 

15/54/52 

15/58/40 

3m  48s 

16 

220-3 

Aug,  8 

Gulf  of  Mexico 

ITNC 

34 

16/04/42 

16/07/18 

2m  36  s 

16 

220-4 

Aug.  8 

Gulf  of  Mexico 

CTNC-L 

34 

16/07/39 

16/09/40 

2m  Is 

23 

245-2 

Sept . 2 

Tropical  Storm 

CTNC-L 

42 

17/54/13 

18/01/57 

7m  44s 

Christine 

26 

247-1 

Sept.  4 

N.  of  Venezuela 

CTNC-R 

70 

18/02/24 

18/09/44 

?m  20s 

29 

252-1 

Sept.  9 

North  Atlantic 

ITNC 

01 

19/25/06 

19/33/53 

8m  47s 

TART.F.  3.1  (C(»IT'D.)  S-193  RADSG/IT  NONCOMTIGUOUS  MEASUREMENTS  OVER  THE  OCEANS 


EREP 

No. 

DOY 

DATE 

LOCATION 

MODE 

TRACK 

GMT  START 
h / m/  s 

GMT  STOP 
h / m/  s 

DURATION 

54 

334-1 

Nov,  30 

Gulf  of  Mexico 

CTNC-L/R 

19 

16/41/20 

16/42/17 

57s  SL  4 

60 

338-1 

Dec.  4 

North  Pacific 

CUIC-L/R 

6 

16/41/00 

16/50/23 

9m  23s 

73 

4-1 

1974 
Jan.  4 

North  Atlantic 

CTNC-L/R 

29 

19/32/00 

19/42/00 

10m 

78 

8-1 

Jan,  8 

North  Atlantic 

CTNC-L/R 

14 

16/37/27 

16/43/00 

5m  33s 

79 

9-1 

Jan,  9 

North  Atlantic 

CTNC-L/R 

28 

15/53/14 

16/00/00 

6m  46s 

81 

11-2 

Jan.  11 

North  Atlantic 

crac-L/R 

58 

17/43/52 

17/53/00 

9m  8s 

89 

24-1 

Jan.  24 

North  Pacific 

CTNC-L/R 

33 

17/47/06 

17/51/20 

4m  14s 

90 

25-1 

Jan.  25 

North  Pacific 

CTNC-L/R 

47 

17/03/30 

17/08/00 

4m  30s 

92 

27-1 

Jan,  27 

West  of  Mexico 

CTNC-L/R 

2 

12/15/30 

12/25/16 

9m  36  s 

95 

29-1 

Jan.  29 

North  Pacific 

CTNC-L/R 

34 

17/25/11 

17/30/06 

4m  55  s 

95 

29-2 

Jan.  29 

Gulf  of  Mexico 

CTNC-L/R 

34 

17/37/24 

17/40/03 

2m  39s 

96 

30-1 

Jan.  30 

North  Pacific 

CTNC-L/R 

48 

16/42/06 

16/46/00 

3m  54s 

96 

30-2 

Jan.  30 

Gulf  of  Mexico 

CTNC-L/R 

48 

16/53/34 

16/57/45 

4m  11s 

98 

32-1 

Feb.  1 

North  Pacific 

CTNC-L/R 

6 

16/49/00 

16/58/00 

9m 

SL  2 Total  13m 

49s 

SL  3 Total  41m  59s 

SL  4 

Total  84m  46s  GRAND  TOTAL  140m  29s 

Data 

for  dot's 

6-2  and 

7-1  are  also  given 

in  Appendix  A as 

examples  of  faulty  data. 

SKYLAB  3 


SKYLAB  3 obtained  9 data  sets  between  August  4,  1973  and 
September  9,  1973.  The  North  Pacific  passes  on  August  4 and  August  8 
were  over  portions  of  weak  extratropical  cyclones,  typical  of  mid- 
summer. Tropical  storm  Christine  provided  additional  measurements 
during  conditions  of  high  winds.  Two  days  after  the  pass  over  Tro- 
pical Storm  Christine,  a second  pass  made  measurements  north  of 
Venezuela  that  yielded  valuable  data  on  tropical  wind  circulations 
after  a decayed  tropical  storm. 

Various  reports  and  analyses  of  the  SKYLAB  2 and  SKYLAB  3 data 
(all  labeled  preliminary)  have  been  published.  The  data  and  analyses 
contained  in  this  final  report  represent  all  possible  corrections 
to ^ the  original  data.  They  supercede  the  previously  published  re- 
sults since  they  contain  various  refinements  of  analysis  not  con- 
tained in  the  preliminary  results. 

Toward  the  end  of  SKYLAB  3,  a malfunction  occurred  in  S193 
that  caused  the  antenna  to  jam  up  against  the  stops  and  to  be  unable 
to  scan  in  any  mode.  Had  the  instrument  not  been  repaired  during 
SKYLAB  4,  this  would  have  ended  the  data  taking  phase. 

SKYLAB  4 

At  the  start  of  SKYLAB  4,  an  EVA  repaired  the  antenna  scanning 
mechanism  so  that  the  CTNC  mode  could  be  used  but  not  the  ITNC  mode. 
Unfortunately,  the  tip  of  the  antenna  was  dislodged  during  the  repair 
operation.  By  comparing  before  and  after  photographs  of  S193,  the 
nature  of  the  damage  was  ascertained,  and  a copy  of  the  antenna, 
available  on  earth,  was  used  to  determine  the  antenna  pattern  of  the 
damaged  antenna.  Roughly,  the  pattern  was  a hemisphere  with  a 12  db 
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main  lobe  in  the  middle  (one  way  gain  pattern) . 

About  20  db  of  gain  was  lost  for  the  radar  part  of  S193,  and 
the  backscatter  from  some  of  the  weaker  winds  could  not  be  detected. 
Fortunately,  the  square  of  the  antenna  pattern  is  needed  for  backscatter, 
and  the  antenna  pattern  could  still  be  used  to  re-calibrate  the  meas- 
urements. However,  the  one  way  gain  is  involved  in  passive  microwave 
measurements,  and  these  were  so  badly  degraded  by  the  hemispherical 
part  of  the  new  antenna  pattern,  that  the  passive  microwave  measure- 
ments could  not  be  used  for  SKYLAB  4. 

PROBLEMS  IN  DATA  REDUCTION 

For  some  of  the  passes,  SKYLAB  was  deliberately  not  put  into 
the  exact  z local  vertical  mode,  and  roll  angles  were  allowed.  For 
other  passes,  the  pitch  of  the  spacecraft  was  also  allowed  to  vary. 

Also  durxng  SKYL^  4,  one  of  the  three  control  moment  gyroscopes 
failed  so  that  the  spacecraft  could  not  be  easily  maneuvered.  More- 
over, even  if  in  the  nominal  z local  vertical  mode,  the  antenna  did 
not  scan  to  the  desired  command  angles* 

The  compounded  effects  of  different  roll  angles,  pitch  angles, 
and  yaw  angles,  and  different  realized  antenna  scanning  motions,  as 
opposed  to  the  commanded  motions,  produced  variations  in  the  nadir 
angle  (or  the  incident  angle),  in  the  locations  of  the  centers  of 
the  cells,  and  in  the  slant  range.  These  effects  complicate  the 
problem  of  interpreting  the  data  and  require  the  calculation  of 
each  value  of  the  backscattering  cross  section  as  corrected  for  all 
of  these  variations. 

A great  amount  of  effort  went  into  refining  and  reprocessing 
the  raw  data  from  .S193  so  as  to  obtain  the  correct  nadir  angles, 
cell  centers,  backscatter  values,  and  passive  microwave  tempera- 
tures. This  was  necessary  because  the  various  variations  could 

See  Moore,  Ulaby,  Sobti  et.  al.  (1975), pp.  501,  568  for  example. 
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have  a cumulative  effect  that  would  mask  the  results  being  sought. 

On  January  9,  1974,  the  left  side  CTNC  scan  mode  failed,  and, 
although  the  passes  are  indicated  as  CTNC-L/R  in  Table  3.1,  only 
the  right  side  scan  achieved  the  nearly  nominal  desired  nadir  angles. 
The  actual  incident  (or  nadir)  angles  that  were  achieved  for  each  of 
the  S193  passes  are  given  in  Table  3.2. 

For  SKYLAB  4,  approximately  160  different  cells  were  scanned  at 
each  of  the  three  largest  nadir  angles.  With  four  different  back- 
scatter  measurements  at  each  cell,  the  data  base  for  this  period  con- 
sisted of  about  1920  values  of  radar  backscatter  and  482  wind  speeds 
and  directions.  The  data  had  to  be  treated  separately  because  of  other 
possible  effects  caused  by  the  damage  to  the  antenna. 

GENERAL  DESCRIPTION  OF  THE  PASSES 

The  Sensor  Coverage  Summary  Map  for  S193  found  in  the  "Sky lab 
Earth  Resources  Data  Catalogue  (JSC  09016)"  shows  the  subsatellite 
tracks  of  SKYLAB  when  S193  was  operated  in  the  radiometer,  scatter- 
ometer  mode  in  purple.  One  group  of  passes  begins  over  the  North 
Pacific,  reaches  a maximum  northward  latitude  near  155°  W longitude 
and  curves  southward  into  the  west  coast.  A second  group  of  south- 
bound passes  occurred  over  the  Gulf  of  Mexico.  The  two  northbound 
passes  leaving  South  America  were  for  Christine  and  the  wind  field 
two  days  later  as  Christine  was  dissipating.  The  last  group  of  passes 
were  those  over  the  North  Atlantic  starting  off  the  East  Coast  of  the 
USA,  or  Labrador,  or  Newfoundland  and  often  extending  all  the  way 
to  Europe. 

The  time  of  the  passes  was  controlled  by  the  work/sleep  schedule 
of  the  astronauts  and  thus  by  the  precession  of  the  orbit.  In  general. 
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SKYLAB  2,  (the  first  manned  period),  data  were  obtained  over  the  Gulf 
of  Mexico,  the  Caribbean,  and  for  AVA.  SKYLAB  3 data  were  obtained 
over  the  North  Pacific,  and  because  of  its  importance,  for  Christine 
and  her  aftermath.  SKYLAB  4 data  were  obtained  over  the  North  Atlantic 
at  first  and  later  over  the  North  Pacific  and  Gulf  of  Mexico. 

The  hour  to  hour  and  day  to  day  changes  in  the  winds  over  the 
ocean  made  each  pass  a unique  event,  never  to  be  duplicated  in  con- 
trast, for  example,  to  summertime  passes  over  a city,  which  would  not 
be  expected  to  be  veiry  much  different,  if  repeated  a week  later. 


Table  3.2  Nominal  incident  angles  (or  nadir  angles)  for  each 
S-193  noncontiguous  data  segment  over  the  oceans. 


DOY-SEG.  No. 


* 


COMMAND  ANGLE 


1 

2 

3 

4 

5 

156-1 

50.5 

44 

32 

17 

1 

157-1 

50.5-52 

44-46 

34-36 

20-23 

4-10 

162-1 

51 

44.5 

33 

18 

1.5 

216- IL 

49 

41.5 

30,5 

18 

2 

216-lR 

48 

41.5 

31.5 

18 

2 

216-2 

50.8-51.8 

44.3 

33 

17.6 

1.6 

220- IL  .. 

49 

41 

30 

15.6 

0.5 

220- IR 

49 

42 

32 

17.7 

1.6 

220-2 

49.7 

43 

31.5 

16.5 

0.9 

220-3 

49.6 

43 

31.5 

16.5 

0.7-1. 5 

220-4 

49 

41.4 

30.4 

15.9 

0.3 

245-2 

49.5 

42 

31 

16-20 

1-10 

247-1 

41 

30.7 

16.7 

1 

252-1 

50.7 

44 

32.5 

17.5 

1.3 

334- IL 

50.1 

42.4 

31.3 

16.7 

0.7 

334-lR 

48.3 

41.6 

31.0 

16.7 

0.7 

338- IL 

50.2 

42,4 

31.3 

16.7 

1.1 

338- IR 

48 

41.5 

30.9 

16.7 

1.1 

4-IL 

50.5 

42.8 

32 

16 

1 

4-lR 

47 

40.6 

30 

17 

0 

SL  2 


SL  3 


SL  4 


* 


L and  R denote  the  left  and  right  sides  of  a left/right  cross  track 
noncontiguous  segment. 
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Table  3.2  (Gont.) 


DOY-SEG*  No.  COMMAND  ANGLE 


1 2 


8-lL 

50,7-52.3 

43.1 

8-lR 

47' 

40.7 

9-lR 

47.6-48.9 

40.8-41.4 

11-2R 

49 

41 

24- 2R 

50.0 

42.3 

25- IR 

50 

42 

27-lR 

49 

42 

29- IR 

50.3 

42.6 

29- 2R 

50.5 

42.9 

30- IR 

50 

42.2 

30-2R 

49.9 

42.4 

32-lR 

49.6-50.3 

42.1-42-6 

3 

4 

5 

31.3 

17.3 

1.5 

28.8 

15.9 

0.2 

30.2-30.4 

16.0-17.4 

0.2-9. 7 

30 

17 

14 

31.8 

23.1-24,3 

10.3-13.0 

32 

24 

11 

31 

23 

15 

32.2 

23.4-25.4 

12.5-14.7 

32.3 

24.3 

12.3 

31.6 

22.5-23.9 

11.7-15.2 

31.8 

23.1-23.9 

11,7-14.5 

31.4-32.1 

21.7-24.8 

10.8-16.1 
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CHAPTER  4 THE  ANALYSIS  OF  THE  METEOROLOGICAL  AND 
OCEANOGRAPHIC  SURFACE  TRUTH 


Introduction.  A famous  statistician  is  quoted  by  Cramer  (1946) 
as  having  remarked  to  the  effect  that,  "Everybody  believes  in  the 
law  of  errors,  the  experimenters  because  they  think  it  is  a mathe- 
matical theorem,  the  mathematicians  because  they  think  it  is  an 
ex^rimental  fact."  The  important  feature  of  this  quotation  is  that 
two  different  groups  of  people,  one  theoretically  inclined  and  the 
other  experimentally  inclined,  look  at  the  same  body  of  theory  and  data 
in  two  different  v/ays.  In  the  study  of  S193  as  a potential  anemometer, 
there  were  two  different  types  of  people.  One  type  consisted  of  people 
who  specialized  in  radar  techniques  and  in  the  interpretation  of  radar 
backscatter  theory;  the  other  type  consisted  of  meteorologists  and 
oceanographers  who  specialize  in  the  interpretation  and  analysis  of 
meteorological  and  oceanographic  data  over  the  oceans.  The  radar 
theoretician  would  tend  to  think  of  the  meteorologically  provided  values 
of  the  winds  over  the  ocean  as  "the  surface  truth"  xdiereas  the  meteoro- 
logists and  oceanographers  were  fully  aware  of  the  difficulty  of 
providing  a value  for  the  wind  speed  and  direction  at  a point  on  the 
ocean  a great . distance  from  any  kind  of  ship. 

In  carrying  out  this  program,  a great  deal  of  care  was  exercised  in 
keeping  the  two  independent  parts  of  the  analysis  separate.  The  radar 
data  were  corrected,  processed,  and  edited,  errors  were  removed,  and  so  on, 
until  such  a time  as  the  centers  of  the  illuminated  cells  could  be  provided 
to  those  doing  the  meteorological  and  oceanographic  analysis.  Those  doing 
the  meteorological  analysis,  analysed  the  entire  area  involved  and 
developed  the  capability  to  provide,  given  the  coordinates  of  the  cells, 
the  vector  wind  at  each  cell.  After  the  longitudes,  latitudes,  and  times 
of  the  measurements  were  provided  to  the  meteorologists,  each  of  the 
fields,  that  had  been  analyzed  by  one  of  three  different  techniques. 
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was  used  to  determine  the  winds  at  each  cell.  This  information  was 
returned  to  the  scientists  ^o  studied  the  radar  backscatter  so  that 
both  groups  could  then  proceed  to  analyze  the  jointly  merged  data. 

The  Three  Types  of  Meteorological  Analysis  That  Were  Used.  The 
nature  of  the  SKYLAB  passes  over  different  types  of  weather  systems 
for  different  parts  of  the  northern  hemisphere  oceans  necessitated 
thr^e  different  kinds  of  analysis  in  order  to  produce  the  surface 
truth  meteorological  estimates  of  the  winds  at  the  cells  that  were 
scanned.  The  first  kind  of  analysis  was  specifically  developed  for 
tropical  storms  and  hurricanes.  The  second  was  the  manuscript,  or 
hand  analysis  of  plotted  weather  data.  The  third  was  an  objective 
analysis  for  the  winds  over  the  northern  hemisphere  oceans. 

The  first  of  the  three  analysis  techniques  was  one  for  tropical 
storms  and  tropical  cyclones  that  was  developed  as  part  of  a program 
for  forecasting  waves  in  hurricanes  in  the  Gulf  of  Mexico.  This 
particular  model  for  the  winds  in  a hurricane  has  many  features  known 
to  agree  well  with  the  observed  wind  fields  in  hurricanes  and  was 
calibrated  against  winds  as  hurricanes  passed  anemometers  near  the 
coastline  in  the  Gulf  of  Mexico  for  a number  of  different  tropical 
hurricanes  and  tropical  storms  of  varying  intensities  and  varying  radii 
of  maximum  winds.  One  of  the  import^t  features  of  this  model  of  the 
wind  field  is  that  it  makes  a distinction  between  the  radius  of  maximum 
wind  and  the  parameter  that  describes  the  shape  of  the  isobaric  pressure 
profile  as  a function  of  distance  from  the  center  of  the  storm.  The 
model  also  accounts  for  the  effect  of  movement  of  the  tropical  hurricane, 
or  tropical  cyclone,  in  a rather  unique  way.  The  output  of  this  model 
is  a horizontal  vector  wind  field  that  is  uniquely  defined  by  a number 
of  parameters  that  serve  as  input  to  the  model.  Once  these  parameters 
are  determined  the  winds  throughout  the  entire  field  are  given.  At  the 
outskirts  of  AVA,  supplementary  meteorological  information  was  used  to 
merge  the  numerically  generated  wind  field  with  the  observations  from 
other  sources. 
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The  second  type  of  procedure  that  was  used  to  specify  the  winds 
at  the  locations  scanned  by  S193  on  SKYIAB  was  the  procedure  generally 
described  as  manuscript  analysis  of  synoptic  weather  charts.  This 
particular  procedure  is  almost  a lost  art  because  of  the  computerization 
of  these  techniques  at  the  larger  centers  for  weather  forecasting  and 
analysis.  However,  it  is  still  carried  out  in  numerous  places  to  obtain 
a description  of  what  the  weather  is  like  over  a portion  of  the  world. 

In  particular,  manuscript  analyses  of  the  wind  fields  for  the  North 
Atlantic  Ocean,  North  America  and  portions  of  Europe  for  the  North 
Pacific  and  the  Northern  Hemisphere  are  produced  by  the  National  Weather 
Service  and  issued  to  those  weather  stations  that  have  a need  for  them. 

In  the  production  of  a manuscript  analysis  of  a weather  chart  all 
of  the  available  reports  both  from  islands,  continents,  and  ships  are 
gathered,  as  of  a certain  synoptic  map  time,  plotted  on  the  chart  as  a 
coded  set  of  symbols  that  contain  information  on  the  characteristics 
of  the  clouds,  the  horizontal  visibility,  the  sea  level  pressure,  the 
pressure  tendency,  the  air  temperature,  the  water  temperature,  the 
relative  humidity,  and  the  wind  speed  and  direction.  In  particular,  the 
winds  are  reported  to  the  nearest  knot  and  to  the  nearest  10®  in 
direction  by  each  of  the  reporting  stations.  Also  at  times  some  of  the 
ships  report  x^ve  conditions,  but  these  observations  of  waves  are  the 
least  reliable  of  all  of  the  data  provided  by  such  a system. 

Once  all  of  the  reports  have  been  plotted,  it  is  possible  to  carry 
out  several  kinds  of  analysis  of  the  data.  The  one  used  in  our  study  is 
called  a streamline  isotach  analysis.  Lines  called  streamlines,  which  are 
everywhere  parallel  to  the  reported  wind  directions  are  drawn.  These  lines 
can  converge  in  areas  where  the  air  is  rising.  They  can  diverge  from 
regions  where  the  air  sinking.  They  can  form  peculiarly  fascinating 
patterns  in  the  subtropical  regions  of  the  oceans  with  cols  and  zones  of 
convergence  and  divergence  illustrated  by  the  flow  patterns.  Superimposed 
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on  the  streamlines  are  the  isotachs,  which  are  lines  connecting  those 
points  of  constant  reported  wind  speed.  It  is  necessary  to  judge  the 
quality  of  reports  that  are  close  together  if  one  report  differs  by 
several  knots  from  another  nearby  report.  Such  a technique,  although 
subjective,  can  produce  a field  over  the  area  scanned  by  the  spacecraft 
that  provides  an  estimate  of  the  direction  and  speed  of  the  wrind  at 
each  of  the  cells  of  the  particular  pattern  that  occurred. 

The  manuscript  analysis  was  carried  out  by  V.  J.  Cardone,  in  all 
cases,  after  obtaining  data  from  many  different  sources  and  using  the 
techniques  with  which  he  had  become  proficient  over  the  course  of  more 
than  a decade  of  practical  application  of  these  procedures.  Figures 
illustrating  the  manuscript  analysis  of  several  of  the  fields  that  were 
produced  for  this  program  are  given  when  certain  days  are  discussed.  The 
most  interesting  manuscript  analysis  is  the  one  of  the  wind  field  in  the 
Caribbean  several  days  after  the  pass  over  Christine  after  the  storm  had 
dissipated  and  yet  in  which  there  was  a great  deal  of  structure  to  the 
wind  field  in  the  area  where  the  pass  was  obtained.  Other  examples  of 
manuscript  analyses  are  those  that  were  done  for  two  passes  over  the 
Gulf  of  Mexico  in  the  first  manned  period. 

The  final  type  of  analysis  that  was  employed  was  an  objective  analysis 
in  the  same  sense  that  the  analysis  of  the  wind  fields  for  the  tropical 
cyclone  was  objective.  This  technique  was  applied  to  the  analysis  of  the 
winds  over  the  entire  Northern  Hemisphere  Oceans  based  on  computer  based 
procedures  that  were  developed  during  past  programs  sponsored  by  various 
government  organizations.  In  particular,  this  development,  which  goes  back 
to  Cardone  (1969),  was  a part  of  the  attempt  to  improve  on  numerical  wave 
forecasting  procedures,  ■5diich  are  extremely  sensitive  to  a correct  analysis 
of  the  wind  field  in  the  planetary  boundary  layer. 

The  method  applies  the  planetary  boundary  layer  model  developed  by 
Cardone  (1969)  to  ship  observations  of  wind,  pressure,  sea  temperature 
and  air  temperature  to  produce  an  analysis  of  the  vector  stress  of  the 
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wind  on  the  sea  surface,  the  vector  wind  at  19.5  meters  above  the  sea 

surface  and  a measure  of  the  atmospheric  stability  called  the  Monin 

Obtikov  stability  length.  A summary  of  this  theory  is  given  in  a 

following  section.  The  highlights  of  the  theory  are  described  briefly 

in  uhat  follows.  It  is  not  the  only  existing  planetary  boundary  layer 

theory,  but  it  does  have  many  desirable  features,  and  it  has  been  tested 

extensively  in  the  development  of  numerical  wave  prediction  models  and  in 

other  applications  both  by  the  group  carrying  the  research  for  S193  and  by 

others  such  as  Elsberry  et.  al.  (1974),  Kaitala  (1974),  and  Isozaki  and  trji  (1975). 

The  Cardone  planetary  boundary  layer  theory  describes  the  mean  wind, 

U,  as  a function  of  height,  z,  above  the  sea  surface  in  terms  of  a vector 
that  for  the  first  several  hundred  meters  above  the  surface  does  not  change 
direction  with  height.  Above  a certain  level,  the  wind  vector  begins  to 
change  direction  so  that  the  wind  becomes  the  same  as  the  gradient  wind  at 
an  elevation  of  approximately  1 kilometer  above  t^e  sea  surface.  The 
variation  of  the  average  wind  with  height  for  the  first  20  or  50  meters 
above  the  sea  surface  is  controlled  by  the  stability  of  the  atmosphere  over 
the  water,  the  friction  velocity,  and  the  roughness  length  z^ . For  all 
cases,  if  the  stress  of  the  wind  on  the  sea  surface,  which  tdien  divided  by 
the  density  of  the  air  represents  the  square  of  the  friction  velocity,  is 
specified,  the  wind  increases  with  height  for  the  first  meter  or  so  above 
the  sea  surface  according  to  a prescribed  rate.  At  an  elevation  of  about 
10  meters  above  the  sea  surface,  the  change  of  wind  with  height  begins  to 
be  influenced  by  the  stability  of  the  atmosphere.  For  the  same  stress  at 
the  sea  surface,  if  the  air  is  colder  than  the  water,  the  wind  10  meters 
above  the  surface  will  be  less  than  it  would  be  if  the  air  temperature  and 
water  temperature  were  equal.  Conversely,  if  the  air  is  warmer  than  the 
water,  the  wind  at  10  meters  will  be  greater  than  it  would  be  if  the  air 
had  the  same  temperature  as  the  water.  Stated  another  way,  the  same  wind 
speed  measured  10  meters  above  the  surface  for  cold  air  over  warm  water 
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would  prodiice  a stronger  stress  than  that  wind  speed  for  warm  air  over 
cold  water.  At  an  elevation  of  20  meters  above  the  sea  surface,  the 
differences  between  the  winds  at  20  meters  for  the  same  wind  stress 
but  different  stabilities  at  the  sea  surface  can  be  substantial.  This  is 
especially  true  if  the  winds  are  fairly  light;  about  five  to  ten  meters 
per  second. 

The  other  important  aspect  of  this  boundary  layer  theory  is  the 
problem  of  defining  the  direction  of  the  wind.  This  direction  is 
generally  defined  in  terms  of  the  angle  that  the  wind  in  the  surface  layer 
makes  with  the  isobaric  analysis  of  the  pressure  measurements  reported 
by  ships  at  sea.  This  cross  isobar  flow  can  vary  from  20°  to  45°  depending 
upon  the  nature  of  the  atmosphere  around  the  point  under  consideration. 

This  direction  is  particularly  affected  by  a quantity  called  the  thermal 
wind,  which  is  a measure  of  the  rate  of  rotation  of  the  isobars  with 
height  in  the  first  50  to  100  meters  above  the  sea  surface.  The  Cardone 
boundary  layer  theory  correctly  accounts  for  this  inflow  angle  and  yields 
a very  high  quality  estimate  of  both  the  magnitude  and  the  direction  of  the 
wind  in  the  first  20  to  50  meters  above  the  sea  surface.  These  theories 
in  turn  merge  into  the  gradient  winds  at  an  elevation  of  about  a kilometer. 

ANALYSIS  OF  THE  SURFACE  WIND  FIELD  IN  TROPICAL  CYCLONES  AVA  AND  CHRISTINE 

A Tropical  Cyclone  Boundary  Laver  Model.  Standard  objective  and 
subjective  wind  analysis  techniques  cannot  be  applied  to  the  specification 
of  the  surface  winds  in  strong  tropical  cyclones  (tropical  storms,  hurricanes, 
typhoons  etc.)  since  the  required  direct  measurements  of  surface  wind  at 
sea  simply  are  not  available  in  the  vicinity  of  such  storms.  Usually,  for 
storms  far  out  at  sea,  the  only  quantitative  data  available  are  what  are 
gathered  by  aircraft  that  penetrate  the  storm  at  5,000  - 20,000  feet,  measure 
flight  level  pressure,  wind  and  temperature  and  drop  radiosondes  in  the 
eye  to  determine  the  minimum  central  pressure.  Fortunately,  the  results 


43 


of  a recently  completed  research  program  that  developed  ways  to  specify 
the  winds  in  the  boundary  layer  of  hurricanes  for  application  to 
numerical  forecasting  of  waves  could  be  applied  to  specify  the  winds  in 
Ava  and  Christine  (Cardone,  Pierson  and  Ward,  1975), 

The  methods  developed  in  the  previous  program  are  based  upon  a theoretical 
model  (Chow,  1971)  of  the  horizontal  air  flow  in  the  boundary  layer  of  a 
moving,  vortex.  The  model  is  initialized  by  a specification  of  the  storm 
motion  and  the  sea  level  pressure  distribution  and  provides  a specification 
of  the  wind  speed  and  direction  referred  to  an  anem,.>meter  level  of  19.5 
meters  on  a high  resolution  grid  of  points  about  the  storm. 

The  model  is  based  upon  the  numerical  integration  of  the  equations 
of  motion,  vertically  averaged  over  the  depth  of  a boundary  layer  that  is 
subject  to  horizontal  and  vertical  shear  stresses.  In  vector  form,  the 
equation  of  motion  is  written  in  coordinates  fixed  to  the  rotating  earth 
as  in  equation  (4.1) 

—A  Q 

^ X V»  - “vp+V«  (K„W)  "^1^1  ^ (4.1) 

where  V is  the  vertically  averaged  horizontal  velocity;  f is  the  Coriolis 
parameter  k the  unit  vector  in  the  vertical  direction;  p the  mean  density 
of  air,  P the  pressure;  the  horizontal  eddy  viscosity  coefficient  C^ 
the  drag  coefficient  and  h the  depth  of  the  boundary  layer.  This  equation 
is  resolved  in  a Cartesian  coordinate  system,  whose  origin  is  allowed  to 
translate  at  constant  velocity  (Vf)  with  the  center  of  the  pressure  field 
associated  with  the  vortex,  in  this  case  the  eye  of  the  tropical  cyclone. 
Variations  in  storm  intensity  and  motion  with  time  are  represented  by  a 
series  of  steady  states  so  that  the  pressure  gradient  becomes  independent 
of  time  and  may  be  simply  prescribed.  The  nonlinear  system  of  equations 
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is  solved  numerically  on  a fine  mesh  nested  grid  system  as  an  initial 
value  problem  for  the  steady  state  solution  of  the  horizontal  component 
of  the  vertically  averaged  velocity;  that  is,  until  the  wind  field  on 
the  moving  grid  becomes  approximately  steady.  A simple  transformation 
then  yields  the  wind  field  wi.th  respect  to  the  fixed  earth  coordinate 
system. 

To  be  able  to  prescribe  the  pressure  field  from  the  type  of  data 
provided  by  reconnaissance  aircraft,  a simple  pressure  field  specification 
model  was  developed.  The  hurricane  pressure  field  is  considered  to  be 
composed  of  the  sum  of  an  axially  symmetric  part  (P)  of  a constant  gradient, 
which  can  be  interpreted  as  the  gradient  associated  with  the  mean  surface 
geostrophic  flow  (V„)  in  ^ich  the  storm  is  embedded  as  determined  from 
equation  (4.2). 


■cT*  rif  ^ ” 

fk  X Vg  = - - VP 


(4.2) 


The  symmetric  variation  of  pressure  with  radius  (r)  away  from  the  storm 
central  pressure  (Pg)  is  described  as  equation  (4.3). 

P » Po  + AP  • (4.3) 

where  R is  a scale  radius  and  AP  is  the  pressure  drop  across  the  (symmetric) 
storm. 

Typically,  V can  be  inferred  from  either  large  scale  synoptic  weather 
S 

maps  or  climatology,  and  a?  is  obtained  from  P^ , while  R is  either 

calculated  from  a pressure  profile  across  the  storm  or  can  be  inferred 

from  a model  derived  relationship  between  R and  the  radius  to  maximum 

wind  R__„. 
max 

The  methods  were  tested  against  several  hurricanes  in  the  Gulf  of 
Mexico,  including  intense  hurricane  Camille  (1969),  that  passed  near 
several  instrumented  oil  rigs  during  a special  industry  sponsored  program 
known  as  the  Ocean  Data  Gathering  Program  (Ward,  1974) . 
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As  an  example  of  the  results  of  that  study.  Figure  4,1  shows  the 

track  of  intense  hurricane  Camille  with  respect  to  the  instrumented  oil 

rigs,  and  the  radial  distribution  of  surface  pressure  as  defined  by  a 

composite  of  pressure  measurements  from  coastal  sites  in  the  path  of  the 

^torm.  Shown  in  the  figure  is  the  fit  of  equation  (4.3)  to  the  pressure 

variation  with  radius.  In  small  but  intense  storms  like  Camille  (and 

Ava)  R,  in  this  case  10  n.mi  , is  equal  to  the  radius  of  maviTmun  wind 

while  in  larger  often  less  intense  storms  R is  larger  than  the  radius 

to  maximum  wind.  Aircraft  eye  penetrations  usually  provide  R x^ich 

max 

then  be  converted  to  R for  consistent  model  initialization. 

A comparison  of  the  modelled  wind  field  and  the  measured  winds  at  a 
®ibe  that  experienced  30  minute  average  x^nd  speeds  at  an  elevation  of 
65  feet  of  over  100  knots  is  shown  in  Figure  4.2,  Agreement  is  excellent 
overall  but  note  the  inability  of  the  model  to  specify  some  of  the  fine 
structure  apparent  in  the  wind  trace  and  that  represents  smaller  scale 
variations  in  the  storm  circulation.  This  fine  structure  is  associated 
with  the  spiral  rain  bands  that  show  up  so  well  on  weather  radar  images 
of  tropical  cyclones.  As  shown  in  the  figure,  these  bands  can  be 
associated  with  local  wind  anomalies  of  at  least  10  knots.  The  relatively 
small  footprint  of  S193  cells  would  allow  such  fine  structure  to  be 
resolved  so  that  these  potential  anomalies  must  be  kept  in  mind  when  the 
model  provided  vector  winds  are  compared  to  the  Ava  and  Christine  S193 
measurements.  Depending  on  its  direction  of  movement,  the  effects  of  a 
spiral  rain  band  passing  a fixed  point  can  last  for  a wide  range  of  times. 
Instantaneously,  as  a function  of  two  horizontal  space  coordinates  the 
rain  band  effect  may  occupy  a very  small  area  compared  to  the  area  of  the 
full  cyclone.  Since  the  storms  were  far  out  at  sea  when  scanned  it  was 
not  possible  to  define  from  the  surface  the  particular  rain  band  structure 
at  the  time  of  the  pass. 

A critical  test  of  any  marine  wind  specification  program  is  its 
ability  to  produce  accurate  wave  hindcasts  when  coupled  to  a state  of  the 
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Figure  4.1  Pressure  profile 

fitted  to  composite  of  coastal 

pressure  measurements  during 

approach  of  Hurricane  Camille* 
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WIND  SPEED  (KNOTS) 


Figure  4,2  Comparison  of  wind 
speeds  at  Rig  50  during  Camille. 


art  wave  specification  model.  As  shown  by  Cardone,  Pierson  and  Ward 
(1974),  these  wind  fields  proved  just  such  ability  v^en  tested  against 
six  Gulf  of  Mexico  hurricanes  of  various  sizes  and  intensities 
verified  against  wave  spectra  calculated  from  wave  records  taken 
from  carefully  instrumented  oil  rigs. 

Hurricane  Ava.  On  the  afternoon  of  June  6,  1973,  Ava  became 
the  most  intense  hurricane  of  record  in  the  eastern  North  Pacific 
Ocean  and  at  the  same  time  was  observed  by  a unique  complement  of 
aircraft  and  satellite  mounted  remote  sensors.  The  rather  unusual 
set  of  circumstances  that  led  to  the  S193  pass  over  Ava  were  reviewed  . 
in  C3hapter  2.  This  section  presents  the  meteorological  analysis  that 
specified  the  surface  wind  distribution  in  and  around  Ava  at  the  time 
of  the  pass  and  for  the  30  hour  period  in  its  life  history  required 
to  perform  a niimerical  hindcast  of  wave  conditions  at  the  time  of  the 
pass. 

Ava  started  as  a weak  tropical  depression  near  the  coast  of 
Central  America  on  June  1,  It  moved  westward  and  strengthened  slowly, 
becoming  a hurricane  on  June  3 when  Air  Force  reconnaissance  observed 
maximum  wind  of  70  knots.  Daily  Air  Force  reconnaissance  thereafter 
documented  the  explosive  deepening  observed  between  June  4 and  June  6 
as  shown  in  Figure  4.3,  which  is  a history  of  dropsonde  measured 
minimum  eye  pressure.  At  the  time  of  maximum  intensity,  Ava  was  a 
classical  hurricane  with  a dense  cirrus  canopy,  a banded  cloud  structure 
and  a small  circular  clear  eye.  All  of  these  features  are  visible  in 
the  NOAA-2  satellite  visible  and  infrared  images  of  Ava  made  on  June  6 
when  she  was  about  500  miles  southwest  of  Acapulco  Mexico  and  shown  in 
Figure  4.4,  Figure  4.4a  shows  the  full  visible  and  infrared  images  from 
NOAA-2,  and  Figure  4.4b  shows  an  enlargement  of  the  visible  image  of  Ava. 
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CENTRAL  PRESSURE  ( mb) 


Figure  4.4(a)  NOAA-2  (left 

infrared,  right  visible)  images 
of  Hurricane  AVA  on  June  6,  1973. 
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Figure  4.4(b)  Enlarged  view  of 
NOAA-2  visible  image  of 
Hurricane  AVA  made  at  1616  QIT, 
June  6,  1973. 


The  track  of  Ava  on  June  5 and  6 is  shown  in  Figure  4,5  and  is 
reasonably  well  defined  by  satellite  and  aircraft  fixes.  Apparently 
Ava  attained  loaxxaiuis  intensity  and  minintum  latitude  on  the  day  of  the 
pass  and  began  to  weaken  as  it  curved  northwestward  on  June  7, 

The  Air  Force  and  NOAA  aircraft  flights  into  Ava  on  June  6 
consistently  defined  the  basic  structure  of  Ava,  The  Air  Force 
aircraft  penetration  of  Ava  at  1930  ©IT,  June  6 provided  the  following 
quantitative  information:  minimum  central  pressure  - 915  millibars; 

maximum  flight  level  wind  - 125  knots;  radius  of  maximum  winds  - 10 
nautical  miles.  An  interesting  account  of  the  NOAA  C130  mission  into 
Ava  is  given  by  Davis  (1973),  The  low  level  wind  and  laser  profilometer 
wave  data  collected  on  this  mission  will  be  discussed  in  more  detail 
below.  Figure  4.6,  taken  from  that  paper  shows  the  variation  of  the 
flight  level  winds  and  extrapolated  surface  pressure  encountered  in  the 
penetration  of  Ava  about  four  hours  after  the  Air  Force  mission.  Since 
this  penetration  was  made  at  10,000  feet,  these  profiles  cannot  be  used 
to  specify  the  boundary  layer  wind  or  pressure  profiles  directly. 
However,  it  is  well  established  that  the  location  of  the  radius  of 
maximum  wind  does  not  vary  with  height  in  intense  storms  (Shea  and  Gray, 
1973),  \^ich  in  the  case  of  Ava  was  approximately  10  nautical  miles. 

The  data  provided  by  the  aircraft  were  sufficient  to  prescribe  the 
initial  conditions  of  the  boundary  layer  model  described  above  reliably. 
That  is,  in  equation  (4.3),  was  set  to  915  mb,  ap  to  98  mb  (1013-P^) 
and  R to  10  nautical  miles.  The  storm  track  defined  an  average  westerly 
*^tift  of  12  knots  (V^)  and  on  the  basis  of  this  track  and  climatology, 
the  mean  steering  flow  (V  ) was  specified  to  be  westerly  at  9 m/sec, 

O 

The  numerical  steady  state  solution  of  equation  (4.1)  subject  to  the 
above  initial  conditions  is  shown  in  Figure  4.7.  The  figure  shows  the 
wind  distribution  on  an  800  x 800  kilometer  square  centered  on  the  storm 
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Figure  4.5  Track  of  Hurricane  AVA 
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Figure  4,6  Variation  of  flight  level  wind  and  pressure 
(extrapolated  to  surface  pressure)  at  10,000 
feet  in  the  NOAA  C130  penetration  of  Hurricane 
AVA,  June  6,  1973  (from  Davis,  1973). 
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center,  in  the  form  of  streamlines  drawn  everywhere  parallel  to  the 
wind  direction  and  isotachs  (in  knots)  of  the  integrated  boundary 
layer  wind  speed  after  a scaling  law  has  been  applied  that  reduces 
the  wind  speed  to  an^imometer  (19.5  meters)  level.  That  scaling  law 
is  part  of  the  model  itself  and  was  developed  in  the  prior  research 
program  cited  above.  Note  the  overall  asymmetry  in  the  modelled  wind 

pattern  with  stronger  winds  in  the  northern  half  of  the  storm,  the 

location  of  the  tnavi 11111111  wind  in  the  right  front  quadrant  and  greater 
inflow  to  the  east  of  the  storm  than  to  the  west. 

All  possible  sources  of  data  were  sought  in  order  to  check  and,  if 
necessary,  modify  the  modelled  wind  distribution  prior  to  a final 
specification  of  surface  winds  at  the  locations  of  the  S193  cells.  The 
NOAA  underflight  provided  flight  level  winds  in  the  eastern  sides  of 
the  storm  as  derived  from  the  inertial  navigation  system.  Part  of  the 
flight  track  is  shown  in  Figure  4.8.  Since  this  part  of  the  mission 
spanned  nearly  four  hours,  the  points  are  plotted  with  respect  to  the 
moving  center  of  Ava.  The  winds  measured  along  the  low  level  portions 

of  the  flight  are  compared  to  the  modelled  winds  in  the  eastern  quadrant 

of  Ava  in  Figure  4.9.  The  agreement  is  considered  to  be  quite  good,  in 
view  of  the  uncertainties  associated  with  the  location  of  the  observations 
with  respect  to  the  eye.  Particularly,  for  those  points  close  to  the  eye, 
where  the  variation  of  wind  with  radius  is  extreme,  the  agreement  is  what 
should  be  expected.  In  the  wind  speed  comparisons,  the  flight  level 
Winds,  generally  at  500  feet,  are  compared  directly  to  the  modelled  winds 
which  are  considered  to  represent  the  19.5  meter  wind  speed  referred  to 
neutral  stability.  While  there  are  no  direct  measurements  available 
in  hurricanes  to  verify  tfei«  procedure,  a study  will  be  presented  in  a 
later  section  that  demonstrates  that  in  a very  unstably  stratified 
boundary  layer  the  winds  speeds  at  500  feet  are  very  nearly  the  equivalent 
of  the  effective  19.5  meter  wind  speeds. 
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LATITUDE  RELATIVE  TO  EYE 


Figure  4*8  Flight  level  winds 
measured  on  the  low  level  (150m) 
portions  of  the  NOAA  C130 
mission  into  Hurricane  AVA, 

June  6,  1975. 
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Figure  4,9  Comparison  of  averaged 
flight  level  (l50m)  wind  speeds 
and  model  winds  in  the  eastern 
(rear)  quadrant  of  AVA, 
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While  the  aircraft  data  provided  information  inside  the  zone  of 
gale  force  winds *,other  sources  of  data  were  available  for  the  outer 
region  of  the  storm  circulation  in  \diich  most  of  the  S193  cells  were 
located.  Figure  4.10  is  a plot  of  all  available  surface  ship  weather 
reports  near  the  time  of  the  pass.  The  winds  in  this  figure  are  encoded 
in  a special  way  as  proposed  by  Moskowitz  (1966^.  The  first  digit 
gives  the  tens  place  of  the  wind  direction  and  the  second  gives  the  unit 
plaice  of  the  wind  in  knots.  Each  full  barb  means  that  the  speed  is 
close  to  a multiple  of  ten  and  a half  barb  means  it  is  close  to  an 
additional  five  knots.  For  example,  the  southernmost  ship  reported 
a wind  from  200°  with  a speed  of  20  knots,  the  ship  nearest  the  eye 
reported  a wind  from  190°  and  a speed  of  44  knots,  and  the  ship  near 
10°  north  reported  a wind  from  180°  and  a speed  of  19  knots.  The 
reports  reveal  a significant  deficiency  in  the  modelled  winds  in  the 
upper  half  of  the  area  scanixed  by  S193.  That  is  the  actual  winds  are 
much  weaker  in  speed  and  more  northerly  in  direction  than  modelled,  and 
this  is  attributable  to  horizontal  variations  in  the  sea  level  pressure 
gradient  that  are  not  well  modelled  by  the  simple  steering  flow  specifi- 
cation used.  The  ship  reports  confirmed  the  roughness  derived  wind 
pattern  provided  by  Strong  (personal  communication)  from  an  analysis  of 
the  passage  of  the  sunglint  pattern  across  the  area  on  ATS-3  photographs 
using  methods  given  by  Strong  and  Ruff  (1970). 

The  final  analysis  of  the  surface  wind  field  for  Ava  is  shown  in 
Figure  4.11  and  is  a simple  smoothed  composite  of  the  modelled  winds 
inside  the  30  knot  isotach  and  a hand  produced  streamline  isotach  pattern 
drawn  closely  to  the  sunglint  derived  and  ship  winds  outside  the  area  of 
high  winds.  The  pattern  of  cells  scanned  by  S193  is  superimposed  on 
the  streamline  isotach  analysis  in  Figure  4.11. 

winds  over  35  knots 
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Figure  4.10  Conventional  ship 
reports  and  sunglint  derived 
wind  information  around  AVA. 
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Figure  4.11  Composite  analysis  of 
the  surface  wind  field  in  AVA. 

REPRODUCIBn.ITY  OF  THF 
ORIOrNAI.  PAGE  IS  P(X'R 
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Figure  4.12  Composite  of  NIMBUS  5 
ESMR  brightness  map  and  outer 
incidence  angle  S193  scans  in 
AVA.  All  data  plotted  with 
respect  to  moving  eye  of  AVA. 
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It  should  be  reemphasized  at  this  point  that  some  features  of  the 
hurricane  surface  wind  field  will  be  missed  by  this  final  analysis. 

The  actual  surface  wind  might  be  significantly  higher  or  lower  in  the 
vicinity  of  spiral  rain  bands.  While  these  bands  cannot  be  precisely 
located  in  Ava  some  indication  of  those  S193  cells  that  might  be 
susceptible  to  such  anomalies  is  provided  by  the  passive  microwave 
brightness  pattern  in  Ava  determined  by  the  electrically  scanned 
microwave  radiometer  (ESMR)  on  NIMBUS-5,  This  instrument  operates  at 
19.35  GHz,  has  a field  of  view  of  25  x 25  km  at  nadir  and  provides  a 
pattern  of  brightness  that  can  be  transformed  to  categories  of  light, 
moderate  or  heavy  precipitation  averaged  within  the  field  of  view 
(Allison  et,  al.,  1974).  The  pattern  of  brightness  temperature  returned 
from  Ava  several  hours  before  the  Sky lab  pass  is  shown  in  Figure  4,12. 

The  pattern  has  been  shifted  westward  to  account  for  the  time  difference, 
and  some  of  the  outer  cells  of  the  S193  scan  of  Ava  have  been  super- 
imposed. Because  of  uncertainties  in  position  introduced  by  the  shift 
in  the  pattern  and  possible  changes  in  the  precipitation  pattern  in  the 
time  between  the  NIMBUS  and  SKILAB  passes.  Figure  4.12  should  not  be  used 
to  assign  precipitation  rates  to  the  specific  cells  shown.  However,  it 
can  be  reliably  stated  that  between  scan  9 and  11,  the  51°  and  45°  S193 
cells  were  located  either  in  or  adjacent  to  one  of  the  major  bands 
feeding  into  Ava.  Thus  the  backscatter  at  those  cells  could  have  been 
affected  by  the  heavy  rain  itself  associated  with  the  band  and  by  local 
Increases  and' decreases  in  the  wind  speed. 

Tropical  Storm  Christine.  A tropical  depression  that  was  first 
noticed  as  it  moved  westward  from  the  west  African  Coast  on  AoS'^®b  25,  1973, 
became  a tropical  storm  in  the  central  tropical  Atlantic  on  August  30th 
and  was  named  Christine,  The  storm  was  investigated  by  Air  Force  and 
Navy  reconnaissance  aircraft  each  day,  thereafter,  until  it  weakened 
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into  a tropical  wave  on  September  3,  Christine  never  attained  hurricane 
strength*  However,  it  was  intensifying  toward  hurricane  strength  late 
on  September  1.  At  that  time,  the  National  Hurricane  Center  forecast 
continued  strengthening  to  hurricane  intensity  and  forecast  it  to 
continue  moving  westnorthwestward  on  a track  that  would  bring  the  storm 
circulation  within  an  S193  CTNC  left  scan  pattern  of  a ZLV  pass  available 
the  following  day.  In  addition,  a Navy  reconnaissance  aircraft  was 
scheduled  to  investigate  Christine  on  September  2.  Thus,  a nominal  2H.V 
S193  pass  was  scheduled,  and  the  Navy  was  requested  to  have  its  aircraft 
make  low  level  wind  observations  and  record  them  on  their  special  in 
flight  data  logging  system. 

The  general  location  of  Christine  at  the  time  of  pass  and  the  region 
within  which  useful  S193  data  were  taken  is  shown  in  Figure  4.13.  This 
was  a northbound  pass  and  the  instrument  scanned  only  to  the  left  of  the 
track.  Thus,  the  outer  three  rows  of  cells  corresponding  to  the  higher 
incidence  angles  scanned  the  most  interesting  part  of  Christine,  that  is 
the  inner  region  of  high  winds  around  the  center.  In  addition,  the  swath 
includes  the  wind  gradient  northeast  of  the  storm  where  the  trade  winds 
are  decreasing  into  the  area  of  very  light  winds  near  the  center  of  the 
subtropical  high  pressure  system.  The  conventional  surface  wind  data 
available  from  ships  are  shown  in  Figure  4.13.  The  almost  total  lack  of 
such  data  within  the  area  scanned  is  evident.  This  lack  of  surface  wind 
data  is  also  typical  on  a global  scale  of  the  information  available  about 
the  winds  in  a tropical  cyclone  over  most  parts  of  the  world  ocean.  The 
specification  of  the  vector  surface  wind  at  the  locations  of  the  cells 
scanned  therefore  relied  on  the  use  of  the  tropical  cyclone  boundary  layer 
model  described  above  and  applied  to  Ava. 

The  specification  of  the  boundary  layer  model  input  parameters  for 
Christine  made  use  of  the  aircraft  reconnaissance  data  almost  exclusively. 
Unfortunately,  the  parameters  are  not  as  well  defined  as  in  the  much  more 
intense  storm  Ava.  Christine  was  always  a poorly  organized  cyclone,  and 
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Figure  4,13  Location  of  S193 
pass  over  tropical  storm 
Christine. 


was  apparently  never  in  a steady  state,  particularly  on  the  day  of  the 
pass.  The  track  of  the  storm  between  September  1 and  3 and  the  variation 
of  central  pressure  with  time  are  shown  in  Figure  4.14.  The  storm 
reached  maximum  intensity  about  eight  hours  before  the  pass,  at  which 
time  the  Navy  reconnaissance  aircraft  in  the  storm  measured  a central 
pressure  of  996  millibars,  maximum  sustained  winds  of  62  knots  at 
10,000  feet,  and  estimated  surface  winds  of  about  65  knots.  A dropsonde 
from  the  same  aircraft  made  about  an  hour  before  the  SKYLAB  pass 
measured  a central  pressure  of  1004  mb  indicating  that  the  storm  had 
weakened  considerably.  This  weakening  was  confirmed  by  similar 
observations  from  an  Air  Force  reconnaissance  aircraft  that  entered  the 
storm  center  about  six  hours  after  the  pass.  From  large  scale  pressure 
analyses  at  the  time  of  the  pass,  the  peripheral  pressure  was  estimated 
at  1016  mb;  thus  the  storm  pressure  anomaly  at  the  time  of  the  pass  could 
be  reliably  fixed  at  12  mb. 

The  determination  of  the  characteristic  scale  of  the  storm,  or  R in 
equation  (4.3),  was  not  as  simple.  Christine  was  a large  poorly 
organized  storm,  and  the  structure  of  its  eye  and  eye  wall  was  always 
poorly  defined  or  non-existent.  Indeed,  Christine  may  never  have  had 
a well  defined  wind  maximum  at  a single  radius  from  the  center.  The  data 
provided  in  the  aircraft  reconnaissance  reports  between  September  1 and  3 
were  not  consistent  in  this  regard.  Estimates  of  the  radius  to  maximum 
wind  ranged  from  10  to  70  miles  in  this  period.  Greatest  weight  was 
given  to  the  data  in  the  "detailed  vortex  center  messages"  prepared  by 
the  observer  on  the  Navy  reconnaissance  aircraft  on  the  basis  of 
penetrations  at  0945  ^t' and  1638  GMT  on  the  day  of  the  pass,  which 
occurred  between  1756  and  1801  ®1T.  In  both  penetrations,  the  maximum 
flight  level  wind  was  reported  to  be  located  40  miles  north  of  the  center. 
This  value  was  accepted  since  it  was  consistent  with  the  low-level  wind 
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Figure  4.14  The  track  and 
variation  of  central  pressure 
with  time  of  tropical  storm 
Christine. 


68 


measurements  made  by  the  aircraft  described  below.  Also,  from  the 
characteristics  of  the  boundary  lay»,  , model,  it  is  known  that  for  a 
slow  moving  storm  like  Christine,  a t v'ius  to  maximum  wind  of  40  nautical 
miles  implies  an  exponential  scale  preiV-.ure  (R)  of  about  60  nautical 
miles.  The  pressure  profile  corresponding  to  AP  of  12  mb  and  R of 
60  nautical  miles . A pressure  profile  fo”  Rp  = 60  n.mi  and  A p = 12  mb  and 

= 1004  is  shown  in  Figure  4.15  wherein  it  is  compared  to  available  observations. 

The  specification  of  the  "steering  flow”  in  airistine  was  com- 
plicated by  the  need  to  specify  winds  objectively  from  near  the  storm 
center  and  on  into  the  subtropical  high  pressure  cell.  With  regard  to 
equation  (4.2),  the  pressure  pattern  implies  a variation  of  V across 

s 

Christine  in  a direction  perpendicular  to  the  track.  This  effect  was 
modelled  by  a specification  of  a variable  V such  that  the  magnitude  of 
decreased  exponentially  with  distance  normal  to  the  track  away  from  a 

O 

maximum  value  at  the  storm  center.  The  direction,  which  is  parallel  to 

the  storm  track,  did  not  change.  In  Christine,  the  large  scale  pressure 

field  was  dose  to  the  climatological  pattern,  and  so  V was  specified 

S 

to  be  oriented  along  the  track  with  a magnitude  of  10  m/sec  at  the  storm 
center,  with  half  power  points  (jv  | = 5 m/sec)  located  750  kilometers 
away  from  the  center  in  a direction  normal  to  the  track. 

The  boundary  layer  model  solution  for  the  storm  input  parameters 
described  above  is  shown  in  Figure  4.16.  There  is  a pronounced  asymmetry 
in  the  isotach  pattern  with  maximum  surface  winds  of  40-50  knots  located 
40  miles  north  and  northeast  of  the  center.  The  winds  decrease  to  less 
than  10  knots  in  the  northeast  corner  of  the  grid  shown  and  to  2 knots  on 
the  outer  most  of  the  model  nested  grids  (not  shown).  The  location  of 
the  cells  scanned  by  S193  and  the  vector  winds  specified  by  the  model 
solution  at  those  cells  are  shown  schematically  in  Figure  4.17.  The 
plot  also  shows  the  backscatter  data  for  vertical  polarization  and 
identifies  cells  at  which  the  passive  microwave  measurement  indicated 
heavy  precipitation. 
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Figure  4.15  The  variation  of  surface  pressure  with  distance  from  the 

center  of  Christine  in  a direction  along  the  track  r^ear  the 
time  of  the  S193  pass  and  the  pressure  profile  used  to 
initialize  the  boundary  layer  model. 


N> 


OS3 


% 

ZT-  ' 

p 

n 

.,.  o 

V i'-ui 


::.'J 


Figure  4.17  Comparison  of  the 
uncorrected  backscatter  measure- 
ments in  Christine  and  the 
vector  winds  at  the  cells 
scanned. 


It  is  not  possible  to  determine  the  precipitation  pattern  in 
Christine  precisely  at  the  time  of  the  pass.  NIMBUS-5  ESMR  data  were 
not  available  for  Christine  on  this  day.  An  Air  Force  DAPP  visible 
image  about  90  minutes  before  the  S193  pass  shows  the  overall 

cloud  structure  as  given  in  Figure  4.18.  The  center  of  the  storm  is 
visible  as  a small  relatively  clear  area  surrounded  by  curved  bands 
of  moderately  bright  clouds.  The  dense  cirrus  canopy  associated  with 
Christine  is  seen  to  be  displaced  to  the  northeast  of  the  low  level 
circulation  pattern  of  the  storm  and  shields  from  view  the  cloud  bands 
seen  curving  in  from  the  south.  That  the  banded  cloud  structure 
represents  bands  of  heavy  rain  was  verified  by  the  Navy  aircraft  in 
its  investigation  of  the  northern  and  western  parts  of  the  storm.  The 
following  quote  is  taken  from  the  remarks  section  of  the  1638  GMT 
detailed  vortex  center  message: 

"RADAR  PRESENTATION  IMPROVED  MARKEDLY,  FIRST  INDICATION  HVY 
BUILD  UP  SW  QUAD  AROUND  VORTEX.  FEEDER  ACTIVITY  EXTENDS  IN 
MULTIPLE  HARD  BANDS  150  NMI  W SEMICIRCIE  AND  100  NMI  NE  QUAD. 

SCTD  TO  BRKN  CLOUDS  IN  EYE.  TEMP  PRESSURE  AND  WIND  EYE 
COINCIDE." 

This  description  is  consistent  with  the  DAPP  image  shown  in  Figure  4.18. 

Some  of  the  cells  scanned  in  Christine  were  quite  obviously 
affected  by  the  rain  bands.  Additionally,  it  should  be  expected  that 
the  actual  winds  both  at  and  near  the  cells  affected  will  differ  from 
those  specified  from  the  boundary  layer  model  because  of  the  character- 
istic anomalies  in  wind  associated  with  the  bands. 

A study  of  the  above  description  of  how  Christine  was  modelled  for 
a SKYLAB  pass  between  1756  and  1801  shows  that  the  central  pressure  was 
measured  about  eight  hours  before  the  pass^  about  one  hour  before  the  pass 
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Figure  4.18  Air  Force  DAPP  system 
visible  image  of  Christine  at 
16?3  GMT,  September  2,  1973. 
(Thin  straight  streaks  oriented 
northwest  to  southeast  were 
introduced  in  the  reproduction 
and  do  not  represent  clouds). 


and  about  six  hours  after  the  pass.  The  aircraft  radar  data  were 
quoted  for  1638  GMT  and  the  DAPP  pass  was  obtained  at  about  1630  GMT. 
Tropical  storms  and  tropical  hurricanes  change  in  intensity  with  time 
over  time  scales  of  three  to  six  hours  and  translate  slowly  at  speeds 
of  5 to  10  m/s  along  a curved  track.  The  universally  applied  technique 
for  the  study  of  these  temporal  and  spatial  changes  is  that  of  inter- 
polation in  space  and  time  to  bring  all  observations  into  agreement 
at  a chosen  time,  \diich,  in  this  situation,  is  the  time  of  the  SKSLAB 
pass.  Because  of  the  large  scale  coherency  of  the  pressure  and  wind 
fields,  these  interpolation  procedures  yield  reliable  results. 

A quantitative  comparison  of  the  modelled  Christine  winds  with  the 
low  level  winds  measured  by  the  Navy  aircraft  was  not  possible  because 
the  latter  contained  large  systematic  errors  whose  source  has  not  yet 
been  adequately  explained.  The  winds  measured  by  the  aircraft  at  low 
flight  levels  around  Christine  between  about  1200  (31T  and  1700  OIT  are 
shown  in  Figure  4.19.  The  points  plotted  represent  5 to  10  minute 
average  flight  level  winds  except  for  one  detailed  section  south  of  the 
center  ■^diere  one  minute  averaged  winds  are  plotted.  The  latter  section 
particularly  suggests  a systematic  error  in  one  of  the  navigational 
parameters.  The  winds  measured  on  the  outbound  leg  appear  to  be  too  low 
in  magnitude  and  exhibited  too  much  inflow  while  the  winds  on  the 
inbound  leg  appear  to  be  too  high  in  magnitude  and  exhibit  too  much 
outflow.  The  same  can  be  said  of  the  winds  in  the  outbound  and  inbound 
legs  measured  north  and  west  of  the  storm.  Indeed,  streamlines  drawn 
parallel  to  the  observed  wind  vectors  would  have  anticyclonic  rather 
than  cyclonic  curvature! 

This  type  of  error  is  reminiscent  of  the  systematic  error  in  winds 
derived  from  inertial  navigation  systems  that  is  introduced  by  errors  in 
the  true  air  speed  measurement  • Ross  developed  a technique  to  remove 
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Figure  4.19  Flight  level  winds  at 
1000-1500  feet  measured  by  a 
U.S,  Navy  reconnaissance 
aircraft  in  Christine  on 
September  2,  1973. 


this  source  of  error  from  the  measurements.  The  technique  requires 
that  on  each  aircraft  mission,  upwind  and  downwind  runs  be  made  in 
quick  succession  in  a steady  homogeneous  wind  field.  In  the  case  of 
Christine,  the  measurements  were  all  made  with  the  aircraft  in  a 
crosswind  configuration.  The  large  errors  apparent  in  the  data  could, 
for  example,  occur  from  either  a systematic  error  in  the  drift  angle 
measurement  or  from  a combination  of  true  air  speed  and  drift  angle 
ei^ors.  It  was  not  possible  to  correct  the  measurements  since  the 
source  of  the  error  is  not  precisely  known  and  since  the  low  level 
flight  legs  are  all  in  regions  of  large  wind  variability. 

SPECIFICATION  OF  THE  WIND  FIELD  BY  MANUSCRIPT  SYNOPTIC  ANALYSIS 

Introduction.  In  a previous  section,  the  subjective  technique 
known  as  hand  or  manuscript  synoptic  analysis  was  described  briefly. 
This  section  describes  in  detail  the  application  of  the  method  to 
the  three  passes  for  which  it  was  used  to  specify  the  winds  at  the 
locations  of  all  cells  scanned  by  S193.  The  same  technique  was  used 
to  specify  the  winds  at  some  of  the  cells  scanned  by  S193  in  the  AVA 
pass  as  described  in  a previous  section. 

This  technique  was  applied  in  favor  of  the  objective  techniques 
for  several  reasons.  First,  the  three  pertinent  passes  were  all 
made  over  subtropical  or  tropical  latitude  - the  passes  of  June  5 and 
11  extended  from  the  Gulf  of  Mexico  southeastward  into  the  Caribbean 
Sea  and  the  pass  of  September  4 extended  from  the  Caribbean  northeast- 
ward into  the  subtropical  North  Atlantic.  The  analysis  methods 
described  in  the  previous  section  were  inappropriate  since  tropical 
cyclones  were  not  scanned  in  these  cases.  The  objective  technique  to 
be  described  in  the  next  section  only  works  well  in  extratropical 
latitudes  where  the  relationship  between  the  sea  level  pressure  dis- 
tribution and  the  surface  wind  field  is  well  defined  and  where  the 
pressure  field  can  be  reasonably  well  defined  by  the  available  ship 
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reports.  The  pressure-wind  relationship  is  more  complex  in  the  tropics 
and  in  addition  the  objective  analyses  of  pressure  that  are  possible 
in  the  tropics  usually  do  not  resolve  the  scales  appropriate  to  the 
definition  of  the  wind  field.  It  is,  therefore,  generally  accepted 
that  the  field  of  motion  should  be  determined  directly  from  the 
observations  in  the  tropics.  The  basic  problem,  however,  is  that 
observations  there,  particularly  over  the  tropical  oceans,  are  very 
sparsely  distributed.  The  observations  that  are  available  often  do  not 
represent  the  synoptic  scale  well  because  of  local  diurnal,  orographic 
(in  the  case  of  land  and  coastal  observations),  or  convective  influences. 
As  a result,  the  objective  analysis  programs  that  do  extend  to  tropical 
latitudes  usually  define  a field  there  that  differs  little  from  climato- 
logical presistence. 

The  subjective  technique  applied  here  allows  the  maximum  utilization 
of  available  observations  of  the  surface  wind.  The  analyst  is  able  to 
assess,  at  least  qualitatively,  the  accuracy  and  representativeness  of 
reports  available  at  the  synoptic  observing  time  near  the  pass  and  to 
assimilate  information  from  observations  at  adjacent  observation  times, 
say  6 to  12  hours  on  either  side  of  the  synoptic  time  near  the  pass. 

The  subjectivity  in  the  analysis  derived  from  the  fact  that  the 
streamlines  and  isotachs  are  not  drawn  to  fit  the  observations  exactly, 
but  to  form  a pattern  that  is  the  most  likely  a representation  of  the  flow 
on  the  synoptic  scale  as  deduced  from  all  available  information.  The 
information  includes  the  basic  observations  of  surface  winds  from  ships 
of  various  types,  wind  observations  from  island  coastal  land  based 
stations,  the  large  scale  pressure  pattern,  and  satellite  photographs. 
Also,  for  the  portions  of  two  passes  over  the  Gulf  of  Mexico  that  were 
underflown  by  NOAA  C130  aircraft,  the  winds  derived  from  the  low  level 
runs  made  by  the  aircraft  were  probably  the  most  accurate  data,  and  the 
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analysis  could  be  made  to  fit  these  data  most  closely.  The  analyst  also 
employs  the  concept  of  continuity  in  the  process  - that  is,  the  pattern 
analyzed  should  be  a logical  evolution  of  the  flow  pattern  in  the  recent 
past,  say  24  to  48  hours. 

A description  of  the  data  available  and  the  analyses  performed  for 
each  of  these  passes  will  now  be  provided. 

June  5.  The  EREP  made  near  1800  GMT  on  June  5,  1923  in  the  ITNC 
mode,  was  the  first  pass  in  the  Sky lab  experiment  to  provide  S193 
data.  A preliminary  analyses  of  the  winds  on  this  pass  was  reported 
in  August,  1973  (Hayes  et,  al.  1973)  at  which  time  it  was  thought  that 
S193  were  taken  only  on  the  Gulf  of  Mexico  portion  track  between  the 
Texas  and  the  Yucatan  Peninsula.  Actually,  S193  data  in  the  ITNC  mode 
were  acquired  continuously  until  the  track  entered  Panama.  This  final 
3J^^lysis,  therefore,  supercedes  and  extends  the  coverage  of  surface 
truth  for  this  pass  soutfttaastward  across  the  Caribbean  Sea. 

The  general  synoptic  pattern  in  the  vicinity  of  the  June  5 pass  and 
the  surface  data  available  near  the  pass  time  are  shown  in  Figure  4.20. 
Since  this  was  an  ITNC  pass,  S193  data  are  available  only  very  near  the 
subsatellite  track  shown.  Along  this  track,  the  data  cluster  into 
groups  of  five  cells,  one  for  each  incidence  angle,  with  the  groups  spaced 
about  60  miles  apart  along  the  track.  Plotted  in  the  figure  are  surface 
ship  reports  of  weather,  cloud  cover,  pressure  and  wind  speed  and 
direction  and  reports  of  pressure  and  occasionally  wind  at  coastal 
stations.  The  reports  at  1800  QIT  were  made  within  several  minutes  of 
tha  pass.  Notice  that  there  is  not  a single  ship  report  within  about 
100  miles  of  the  track  for  its  entire  length.  Ship  reports  made  at  1200 
GMT  June  5 and  0000  OIT  June  6 are  also  plotted. 

The  pressure  reports  were  used  to  draw  the  isobaric  (lines  of  equal 
pressure)  pattern  over  the  region.  This  isobaric  pattern  is  very  much 
smoothed  and  is  useful  as  an  overall  guide  to  the  analysis  of  the  winds. 
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Except  within  about  50  miles  of  the  coast  the  synoptic  scale  winds  over 
the  sea  should  follow  this  pattern  in  that  the  flow  should  be  nearly 
parallel  to  the  isobars  with  the  wind  direction  turned  about  15  to  20° 
toward  lower  pressure  and  the  speed  of  the  wind  inversely  proportional 
to  the  spacing  between  the  isobars.  Even  if  the  relationship  between 
wind  and  pressure  were  known  perfectly,  it  would  not  be  possible  to 
compute  the  surface  flow  from  the  pressure  analysis  shown  since  the 
gradients  are  too  weak  to  be  accurately  defined  by  the  sparce  and  error 
contaminated  pressure  measurements  from  the  ships.  Note  the  inconsis- 
tencies between  the  pressures  reported  by  the  cluster  of  four  ships 
near  15°N  73®W  and  the  smoothed  analysis. 

Within  about  50  miles  of  a coast,  the  surface  flow  is  strongly 
affected  by  the  diurnal  sea  breeze  circulation.  That  is,  there  is  a 
component  of  the  surface  flow  from  sea  to  land  from  late  morning  through 
early  evening  and  the  reverse  component  at  other  times.  The  effect  is 
particularly  noticeable  in  Figure  4.20  in  the  reports  from  the  northern, 
western  and  southern  coasts  of  Cuba.  While  the  sea  breeze  circulation 
is  a mesoscale  phenomenon,  some  of  the  S193  cells  appear  to  have  been 
affected  by  this  effect,  and  the  streamline  isotach  analysis  was  drawn 
to  account  for  the  expected  influence  of  the  sea  breeze. 

The  final  streamline -isotach  analysis  in  the  vicinity  of  the  pass  is 
shown  in  Figure  4.21.  The  surface  wind  measurements  at  1800  GMT  and  winds 
derived  from  the  low  level  portions  of  the  NOAA  C130  underflight  are 
plotted  in  Figure  4.20.  The  aircraft  measurements  were  useful  in  placing 
the  10,  and  especially  the  13  knot,  isotachs  in  the  western  Gulf  of 
Mexico.  The  zone  of  25  knot  winds  north  of  Panama  is  well  defined  by 
both  on  and  off  time  ship  reports,  fhe  report  from  Swan  Island  after 
adjustment  to  an  equivalent  over  water  wind  was  used  to  confirm  the 
smooth  increase  in  wind  speed  between  Yucatan  and  Panama.  Ttie  feature 
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known  as  the  intertropical  convergence  zone  was  positioned  across  the 
northern  coast  of  Panama.  This  zone  is  accompanied  by  a trough  of  low 
pressure  and  near  calm  winds  and  thus  caused  the  sharp  gradient  in  the 
isotach  pattern  in  that  area.  The  wind  speed  and  direction  at  each  S193 
cell  was  obtained  by  visual  interpolation  of  values  to  the  locations  of 
the  cells  from  the  appropriate  streamlines  and  isotachs  in  the  vicinity 
of  the  cell. 

Figure  4.22  is  an  ATS  visible  image  of  the  area  near  the  time  of  the 
pass.  As  verified  also  by  the  ship  reports,  and  in  great  detail  by  .a 
mosaic  of  photographs  made  from  Sky  lab,  most  of  the  Gulf  of  Mexico  and 
northern  Caribbean  were  characterized  by  scattered  patches  and  lines  of 
shallow  cumulus  clouds.  Dense  patches  of  cloudiness  covered  the  south- 
western Caribbean.  Several  ships  located  beneath  'his  cloud  pattern 
indicate  rain  showers  that  arc  apparently  ^d.dely  scattered. 

June  11.  A nominal  EBEP  pass  was  made  on  June  11,  1973  with  S193 
operated  over  water  between  1520  GMT  and  1524  GMT.  In  this  pass  over 
ocean  S193  data  were  obtained  continuously  from  just  south  of  the 
Louisiana  Coast  southeastward  across  the  Gulf  of  Mexico  and  on  into  the 
Caribbean  Sea.  The  subsatellite  track  just  touched  the  western  tip  of 
Cuba  and  some  of  the  cells  were  apparently  affected  by  that  land  mass. 

Since  the  pass  occurred  almost  midway  between  the  standard  six 
hourly  surface  weather  reporting  times,  ship  reports  from  1200  CMT  and 
1800  GMT  were  examined  to  reveal  the  wind  distribution.  Reports  from  a 
then  experimental  data  buoy  located  about  90  miles  east  of  the  track  in  the 
north  central  Gulf  of  Mexico  were  available  at  three  hour  intervals,  A 
NOAA  C130  low  level  underflight  provided  important  wind  measurements 
beneath  the  pass  from  near  the  northern  coast  of  Cuba  northwestward  for 
abdut  300  miles  along  the  track.  Winds  reported  by  the  ships,  the  buoy 
and  the  aircraft  aft(^r  reduction  to  the  20  meter  level  are  plotted  in 
Figure  4.23. 
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The  streamline-isotach  analysis  drawn  to  the  available  observations 
Is  superlaposed  on  Figure  4,23,  In  contrast  to  the  June  5 pass,  there  are 
quite  a few  reports  In  the  Inmedlate  vicinity  of  the  track,  though  except 
for  the  buoy  and  aircraft  reports,  the  observations  were  made  three  hours 
before,  or  after,  the  pass.  Nevertheless,  the  overall  synoptic  pattern 
should  be  quite  stable  In  this  area.  The  data  allowed  the  resolution  of 
the  Indicated  detailed  structure  In  the  Isotach  pattern.  The  aircraft 
reports  defined  the  gradual  increase  in  wind  speed  southeastward  along 
the  track  in  the  Gulf  of  Mexico  along  with  the  shift  in  wind  direction 
from  southeasterly  west  of  the  buoy  position  to  easterly  just  north  of 
Cuba,  The  numerous  ship  reports  near  and  south  of  the  western  tip  of  Cuba 
define  the  area  of  very  light  winds  there.  In  general,  winds  were  quite 
light  along  the  entire  pass  with  maximum  winds  of  about  15  knots  indicated 
toward  the  end  of  the  pass  in  the  northern  Caribbean  Sea, 

The  cloud  cover  beneath  the  pass  is  shown  in  the  ATS-3  visible  image 
made  at  1456  GMT  (Figure  4.24).  Only  the  northwestern  end  of  the  track  is 
seen  to  be  affected  by  the  mass  of  cloudiness  extending  into  the  north 
central  Gulf  of  Mexico  from  Louisiana.  The  nature  of  this  cloud  mass  is 
shown  in  a high  resolution  visible  DAPP  image  made  at  1753  GMT  (Figure  4.25) 
The  image  reveals  numerous  convective  cloud  clusters  embedded  in  the  cloud 
mass  with  more  widely  scattered  convective  eluents  east  and  south  of  the 
passj  that  were  not  resolved  in  the  ATS  image.  The  gray  area  in  the  DAPP 
image  represents  cirrus  cloudiness  formed  at  the  tops  of  the  cinaulonimbus 
clouds  that  are  present  or  have  recently  dissipated.  Several  active 
thunderstorms' are  evident,  so  that  heavy  rain  could  have  affected  some  of 
the  S193  cells  in  the  northwestern  portion  of  the  pass. 

Se£tmiber_4,  Two  days  after  the  S193  pass  over  tropical  storm 
Christine,  S193  data 'were  acquired  on  a northbound  track  that  extended 
from  northern  Venezuela  northeastward  over  Puerto  Rico  and  on  into  the 
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Figure  4.24  ATS-3  visible  image 
made  at  1456  GMT  of  the  area 
scanned  by  S193  on  June  11,  1973 


Figure  4.25  Air  Force  satellite 
DAPP  visible  image  made  at  1753 
GMT  of  the  area  scanned  by  S193 
on  June  11,  1973. 
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Subtropical  North  Atlantic.  The  instrument  scanned  to  the  right  of  the 
track  in  the  CTNC  mode • betx^een  1802  and  1809  GMT.  Of  the  29  scans  made, 

22  were  over  water  with  the  exception  of  a few  cells  that  were  affected 
by  Puerto  Rico  and  the  Virgin  and  Leeward  Islands, 

Early  on  September  4,  the  NOAA  National  Hurricane  Center  had  down- 
graded Christine  to  a tropical  wave , which  meant  that  a closed  cyclonic 
circulation  no  longer  existed  and  that  peak  winds  were  well  below  tropical 
storm  strength.  The  wave  progressed  westward  during  the  fourth  and  was 
positioned  at  about  the  longitude  of  central  Puerto  Rico  at  the  tima  of 
the  pass.  Its  passage  across  the  eastern  end  of  that  island  was  accompanied 
by  heavy  squalls  and  gusty  winds.  San  Juan  experienced  winds  of  35  mph 
with  gusts  to  50  mph  on  the  morning  of  the  fourth  but  this  heavy  squall 
activity  diminshed  considerably  by  the  time  of  the  pass. 

Ship  reports  near  the  pass  time  (1800  GMT)  and  those  at  1200  GMT  and 
0000  GMT,  September  5 are  plotted  in  Figure  4.26.  The  smooth  streamline- 
isotach  analysis  draxm  to  the  observations  is  based  upon  the  assumption  that 
Christine  had  completely  degenerated  into  an  easterly  wave  at  the  time  of 
the  pass.  It  is,  however,  quite  possible  that  a small  closed  circulation 
was  embedded  in  the  wave  just  north  of  Puerto  Rico  as  evidenced  by  the 
light  southwesterly  ^nd  at  San  Juan  at  1800  GMT,  However,  in  the  absence 
of  over  ocean  measurements  either  from  ships  or  aircraft  in  the  area  as 
well  as  along  the  axis  of  the  wave  over  the  Caribbean,  it  was  not  possible 
even  to  attempt  to  define  such  a feature.  The  complete  absence  of 
ship  reports  in  the  Caribbean  within  the  scan  pattern  also  makes  the  isotach 
analysis  there  suspect.  The  analysis  is  much  more  reliable  northeast  of 
the  Islands  where  the  available  observations  define  the  smooth  streamline 
pattern  and  fairly  complex  isotach  pattern.  In  this  portion  of  the  pass 
the  winds  decrease  from  20  to  25  knots  just  north  of  the  Leeward  and 
Virgin  Islands  to  less  than  5 knots  very  close  to  the  center  of  the  sub- 
tropical high  pressure  system. 


Figure  4.26  Streamline-isotach 
pattern  in  the  vicinity  of  the 
tropical  wave  scanned  by  S193 
on  September  4,  1973,  Surface 
wind  reports  are  plotted. 
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VI 


At  that  time  of  the  pass,  the  tropical  wave  was  accompanied  by 
considerable  rain  shower  activity,  particularly  along  and  just  east  of  ^ 
the  axis  of  the  wave.  The  passive  S193  measurements  indicated  that 
some  of  the  cells  were  indeed  affected  by  these  heavy  rain  showers. 
NORTHERN  HEMISPHERE  OBJECTIVE  WIND  FIELD  ANALYSIS 

The  0biective_AnalY8is  Program.  For  all  SL  4 passes  and  for  those 
SL  2/3  passes  not  discussed  previously,  the  surface  winds  at  the  S193 
cells  were  calculated  by  linear  interpolation  in  space  and  time  from 
a file  of  surface  (effective  19.5  meter)  winds  available  at  six  hour 
intervals  on  a grid  of  points  covering  the  oceanic  parts  of  the 
N rthem  Hemisphere,  This  file  of  surface  wind  analyses  was  produced 
by  the  application  of  computer  based  procedures  described  by  Cardone 
(1969)  and  since  modified  as  described  herein.  The  basic  structure  of 
the  objective  analysis  scheme  actually  dates  back  to  the  study  of 
Thomasell  and  Welsh  (1963),  In  this  section  the  overall  objective 
analysis  procedure  will  be  outlined.  The  planetary  boundary  layer 
(PBL)  model  employed  in  the  procedure  will  be  outlined  in  the  next 
section.  Then  the  objective  winds  will  be  compared  to  special  measure- 
ments made  by  aircraft  and  weather  ships  for  certain  passes.  Finally 
the  results  of  a study  of  the  errors  in  the  specification  of  the  vector 
wind  by  the  objective  procedure  will  be  presented. 

The  basic  components  of  the  analysis  scheme  and  the  flow  of  the 
computer  procedure  are  shown  in  Figure  4.27.  The  basic  input 
information  available  at  six  hour  intervals  consists  of  ship  reports  of 
the  standard  meteorological  variables:  wind  speed  and  direction,  sea 
level  pressure,  air  temperature  and  sea  surface  temperature.  The 
procedures  either  directly  or  indirectly  use  all  of  this  information  in 
the  specification  of  the  vector  surface  wind  and  stress.  For  the 
Sky lab  period,  a file  of  all  available  Northern  Hemisphere  ship  reports 
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was  obtained  from  FNWC.  In  addition,  the  analyzed  fields  of  sea  level 
pressure  and  air  temperature  as  produced  objectively  in  the  operational 
analysis- fore cast  cycle  at  FNWC  were  also  obtained.  These  analyses 
are  available  at  six  hour  intervals  for  pressure  and  twelve  hour 
intervals  for  surface  air  temperature  on  a grid  system  known  as  the 
JNWP,  or  more  recently  the  NMC  grid,  which  consists  of  a rectangular 
array  of  grid  points  on  a polar  stereographic  projection  of  the 
Northern  Hemisphere,  with  a grid  spacing  in  mid- latitudes  of  about 
200  n.mi. 

The  first  step  in  the  analysis  procedure  at  a given  synoptic  time 
is  a calculation  at  each  grid  point  of  the  wind  distribution  as  a 
function  of  height  in  the  boundary  layer  from  the  marine  planetary 
boundary  layer  theory  described  by  Cardone  (1969),  which  was  reviewed 
qualitatively  in  the  introduction  to  this  chapter.  Basically,  the  sea 
level  pressure  field  and  air  temperature  field  are  used  to  compute  the 
surface  geostrophic  wind  speed  and  direction,  the  theannal  wind  speed 
and  direction  and  the  angle  between  the  thermal  wind  and  geostrophic 
wind.  The  pres sure- vector  wind  relationship  implied  in  the  boundary 
layer  model  then  provides  an  estimate  of  the  vector  wind  and  stress  at 
each  grid  point  that  can  be  used  even  if  no  direct  observations  of  the 
wind  are  available.  The  accuracy  of  this  estimate  will  be  limited  both 
by  the  quality  of  the  input  fields,  ^ich  can  be  quite  in  error  over 
data  sparse  ocean  areas  and  by  certain  theoretical  limitations  in  the 
FBL  theory  as  discussed  below. 

It  is  known  that  conventional  ships  observations  of  wind  speed  and 
direction  despite  their  inherent  errors  can  improve  estimates  of  the  wind 
derived  from  pressure  wind  relationships  (see  e.g,  Thomasell  and  Welsh, 
(1963) more  recently  Lewis  and  Grayson,  (1972)),  Much  of  the  procedure  as 
shown  schematically  in  Figure  4,27  involves  the  incorporation  of  these 
reports  into  the  analysis.  To  allow  a more  accurate  incorporation  of 
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Figure  4.27  Generalized  flow 
chart  of  the  objective  analysis 
program  for  surface  winds  in 
the  planetary  boundary  layer  in 
the  Northern  Hemisphere. 
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observations  into  the  initial  guess  field  and  also  to  allow  for  the 
possibility  of  a smaller  scale  analysis  where  the  data  permit*  the 
initial  guess  field  is  expanded  to  a grid  system  in  which  the  JNWP 
grid  spacing  has  been  halved,  creating  four  times  as  many  grid 
points  (125  X 125),  The  grid  is  shown  in  Figure  4.28  on  which  the 
land-sea  distribution  is  shown.  The  analysis  scheme  is  operative 
only  on  the  "sea"  grid  points.  In  the  procedure  new  grid  point 
information  is  generated  by  fitting  a curvilinear  surface  to  the  four 
grid  points  surrounding  the  generated  grid  point  and  interpolating  the 
surface  to  the  position  of  the  grid  point. 

The  objective  analysis  procedure  incorporates  ships'  wind 
observations  in  a manner  consistent  with  the  nature  and  suspected 
accuracy  of  the  observations.  Observations  from  fixed  weather  ships 
are  given  highest  priority,  followed  by  winds  from  ships  with  anemo- 
meters at  a known  height,  winds  from  ships  with  anemometer  at  some 
unknown  height,  and  finally  by  winds  estimated  with  the  Beaufort  scale. 
Each  report  is  converted  to  the  so-called  effective  19.5  meter  wind, 
that  is,  the  wind  that  would  exist  at  19.5  m in  neutral  stability  for 
the  indicated  surface  stress. 

Prior  to  incorporation  into  the  analysis,  the  ship  reports  are 
individually  checked  for  gross  errors  by  comparing  the  reported  wind 
speed  and  direction  to  that  interpolated  to  the  position  of  the  ship 
from  the  initial  guess  field.  If  the  difference  of  either  exceeds  a 
preset  limit,  the  observation  is  discarded;  otherwise,  the  ship  report 
is  used  to  correct  the  nearest  grid  point.  For  the  analyses  performed 
for  the  Sky lab  study,  the  limits  on  the  wind  were  30  knots  for  speed 
and  70®  for  direction. 
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Figure  4.28  Expanded  NMC  grid  used  to  specify 

the  winds  in  the  Northern  Hemisphere 
objectively. 


OTlIGn 


The  influence  of  ship  reports  is  expanded  to  portions  of  the  grid 
not  directly  corrected  by  the  observations  by  the  application  of  the 
so-called  Conditional  Relaxation  Analysis  Method  (CRAM)  (see  e.g.,  Harris, 
Thomasell  and  Welsh,  (1966)  ) . CRAM  is  applied  to  meridional  and  zonal 
effective  19.5  meter  winds  separately.  The  method  requires  grid  point 
(i,j)  values  of  the  analysis  parameter,  say,  Q(i.j)  to  satisfy  Poisson's 
equation 

2 

V Q(i,j)  = F(i,j)  (4.4) 

2 

where  V is  the  two-dimensional  finite  difference  Laplacian  operator, 
subject  to  the  constraints  of  the  observations  acting  as  internal 
boundary  points  and  a set  of  perimeter  boundary  points.  The  forcing 
function  F(i,j)  defines  the  shape  of  the  Q field  and  is  computed  from 
the  initial  guess  field  of  the  parameter,  Qg(i,j)  as  in  equation  (4.5). 

F(i,j)  » tVciJ)  (4.5) 

o 

The  initial  guess  field  determines  the  values  of  Q along  the  boundary 
of  the  grid  system  and  may  also  be  employed  to  translate  observations  to 
grid  points  prior  to  CRAM.  If  the  grid  spacing  is  small  enough,  this  may 
be  done  accurately  by  interpolating  the  initial  guess  field  to  the 
position  of  the  observation  through  curvilinear  surface  fitting  to  the 
four  grid  points  surrounding  the  observation  and  translating  the  difference 
between  the  observed  and  interpolated  values  to  the  nearest  grid  point, 
thereby  creating  an  internal  boundary  point. 

After  all  observations  have  been  translated  to  grid  points,  Poisson's 
equation  is  solved  by  a relaxation  procedure.  The  small-scale  noise  in 
the  resulting  analysis  due  to  fitting  erroneous  or  unrepresentative  data 
can  be  partially  eliminated  by  applying  a smoothing  operator  as  given  by 
Shuman  (1957). 
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Q(i,j) 


(4.6) 


1 + b 

where  b is  a parameter  controlling  the  degree  of  smoothing,  and 

Q(i,j)  = k CQ(i  + l,j)  + Q(i  - l,j)  + Q;(i,j  +1)  + Q(i,j  - 1)3  (4.7) 

The  current  wind  field  analysis  program  actually  applies  CBAM 
twice.  That  is,  after  one  pass  through  the  ship  observations  and 
the  application  of  CBAM,  the  final  smoothed  wind  field  is  treated  as 
an  improved  initial  guess  field,  and  the  ship  incorporation  procedure  is 
repeated  with  the  complete  (retained  and  discarded)  file  of  observa- 
tions. The  procedure  makes  the  error  check  on  ships'  observations  less 
sensitive  to  gross  errors  in  the  pressure  field,  allows  more  "good" 
ship  reports  to  be  Incorporated  into  the  analysis  and  in  general 
Increases  the  influence  of  ships'  wind  observations  in  the  final 
analysis. 

The  specification  of  the  vector  19.5  meter  effective  wind  at  each 
S193  cell  for  a specific  pass  required  the  use  of  the  two  six  hourly 
analyzed  wind  fields  that  straddled  the  time  of  the  pass.  For  each 
cell, values  of  the  meridional  and  zonal  wind  were  calculated  at  the 
precise  location  of  the  cell  by  curvilinear  surface  fitting  to  the  four 
grid  points  surrounding  the  cell.  This  was  done  for  each  wind  field  and 
a value  obtained  at  the  precise  time  of  the  pass  by  linear  interpolation 
in  time. 

Planetary  Boundary  Laver  Model.  An  important  element  of  the 
objective  analysis  program  just  described  is  the  calculation  of  an 
initial  guess  wind  field  from  the  analyzed  pressure  and  temperature 
fields.  In  many  parts  of  the  grid,  particularly  outside  the  normal 
ship  traffic  lanes,  the  final  analysis  will  "remember"  entirely  this 
initial  guess  field  and  even  in  the  vicinity  of  ships'  wind  observations, 
the  field  serves  as  background  for  the  incorporation  of  reports  and 
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determines  the  shape  of  the  field.  In  addition,  as  described  by 
Pierson,  Cardone  and  Greenwood  (1974),  a PEL  will  be  needed  to 
assimilate  satellite  derived  winds  into  operational  pressure  analysis 
procedures  when  they  become  routinely  available.  In  this  section 
a brief  summary  of  the  PEL  theory,  as  originally  described  by 
Cardone  (1969),  is  presented. 

The  object  of  a PEL  model  is  to  describe  the  vertical  variation 
of  the  vector  wind  and  stress  from  the  sea  surface  up  to  the  height 
in  the  atmosphere  at  which  the  frictional  forces  caused  by  the 
‘ earth*  s surface  can  be  neglected.  For  an  atmosphere  in  which  time 
changes  and  horizontal  gradients  in  the  mean  wind  are  small  the 
flow  at  the  top  of  the  PEL  will  be  in  nearly  gradient  balance.  Even 
under  these  assumptions,  the  problem  is  very  complicated.  Close  to 
the  ground,  in  the  so-called  surface  boundary  layer  the  wind  variation 
with  height  is  dominated  by  the  physical  processes  associated  with 
the  lower  boundary  - namely  the  effective  rou^ness  of  the  surface  and 
the  heat  flux  across  the  interface.  In  this  lower  layer,  the  wind 
and  stress  vectors  do  not  turn  with  height  and  the  wind  speed  increases 
approximately  logarithmically  with  height.  In  the  surface  boundary 
layer,  the  fluxes  of  heat  and  momentum  vary  little  with  height  and 
are  assumed  to  be  constant  thus  simplifying  the  formulation  considerably. 
Above  the  surface  boundary  layer,  which  is  of  the  order  of  10  to  100 
meters  in  depth,  the  frictional  forces  decrease  with  height,  coriolis 
forces  become  significant  and  the  wind  vector  begins  to  turn  to  become 
more  nearly  parallel  to  the  local  horizontal  gradient  of  pressure. 

The  PEL  developed  by  Cardone  (1969)  is  an  extension  of  Blackadar*  s 
(1965)  model  in  which  the  PEL  is  divided  into  two  layers.  However, 
Elackadar  treated  only  an  PEL  that  was  neutrally  stratified  and  in  which 
the  effective  roughness  of  the  lower  boundary  was  externally  prescribed 
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(a  solid  surface).  Cardone  (1969)  extended  the  theory  to  include  a 
realistic  description  of  the  effective  roughness  of  the  sea  surface 
and  the  effect  of  non-neutral  stratification  as  expressed  in  terms  of 
the  air  sea  temperature  difference. 

In  the  lower  layer  of  the  model,  the  mean  wind  speed  varies  with 
hei^t  according  to  equation  (4,8). 

u a j^log  (z/z^)  - 0 (z/L')J  (4.8) 

where  U is  the  wind  speed,  u^  = (T/p)  t is  the  surface  stress, 
p is  the  air  density,  k = 0.4,  z is  the  height,  z^  is  the  roughness 
parameter,  and  L*  is  a modified  form  of  the  Monin-Obukov  stability 
length.  The  wind  profile  stability  dependence  enters  through  the 
function,  0,  T^ich  is  defined  as  equation  (4,9), 

0(z/L')  = C ^ ^ (4.9) 

Jo  C 

where  * (z/L*)  is  given  as 

$ (z/i.')  = 1 + B (z/L') 

- (6  - 1 - 0 

$ (z/L’)  =«  0 neutral 

with  B'  and  6'  estimated  at  7 and  18  respectively  (Panofsky,  1963),  Also, 
in  this  constant  stress  layer,  the  eddy  viscosity,  kj^>  can  be  written 
as  equation  (4.10). 


stable 

unstable 


kjjj  = ku^z/$(z/L') 
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(4.10) 


The  upper  layer  of  the  two  layer  PBL  model  is  a so-called  Ekman 
layer  in  \diich  the  boundary  layer  is  assumed  to  be  a region  in  idiich 
the  mean  wind  is  steady  and  homogeneous  and  uniform  at  every 
level  and  in  which  the  density  may  be  considered  to  be  independent  of 
height.  The  equations  of  motion  are  then  written  as  equations  (4.11), 

- V ^ [''m  ^ (u-«^)].0 

(4.11) 

-f(u  - u ) + ~ fk  ^ (V  - V )1  = 0 
g dz  j_  m dz  g J 

i 

where  u,  v are  the  horizontal  wind  components,  u , v are  the  corres- 

S S 

ponding  geostrophic  wind  components  and  f is  the  coriolis  parameter. 

The  value  of  is  constant  in  this  layer  at  a value  defined  by  the 
height  of  the  interface  between  the  two  layers,  h, 

h = G/f  (4.12) 

O 

where  G is  the  magnitude  of  the  geostrophic  wind,  and  B is  an 

0 

assignable  constant. 

The  solution  for  the  boundary  layer  is  determined  from  the 
equations  for  each  layer  by  imposing  the  conditions  of  continuity  of 
wind  and  its  derivative  at  the  interface. 

For  the  situation  in  which  the  pressure  field  itself  does  not 
vary  with  height  through  the  PBL,  the  solution  is  closed  by  the 
following  four  equations  that  are  solved  iteratively: 

r 2 ^1/3 

u^/G  - fzkB^sin  0^/cp  (h/L’)]  (4.13) 

» /J  k sin  (ff/4  - - «/)(h/L')]  (4.14) 

L'  - e[in(Za/Zo>  - / [^^g<0a  ’ ^s'>] 

z,(cm)  » ,684/u^  + 4.28  x 10“^(u5  - 4.43  x lo"^  (4.16) 
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Z is  the  height  at  \^ich  the  air  temperature  0 is  taken,  9 
a a 

is  the  mean  potential  temperature  of  the  boundary  layer,  9 - 9g 
is  the  air  sea  temperature  difference  and  is  the  angle  between 
the  surface  isobars  and  the  direction  of  the  wind  in  the  surface 
boundary  layer.  Thus,  given  the  air  sea  temperature  difference  and 
the  magnitude  and  direction  of  the  surface  ^ostrophic  wind,  \diich 
iis  computed  from  the  sea  level  pressure  field,  the  solution  provides 
the  magnitude  and  direction  of  the  surface  stress  and  L' . These 
quantities  then  define  the  vector  wind  at  any  height  iii  the  surface 
boundary  layer  according  to  equation  (4.8)  which  usually  is  valid-  up 
to  the  19.5  meter  level. 

The  quantity  that  appears  in  the  equations  is  called  the 
surface  Rossby  number: 

\ = G/fz„  (4.17) 

For  neutral  conditions,  the  solution  obeys  Rossby  number 
similarity,  that  is 


u^/G  » Fj^(G/f  z^)  (4.18) 

and 

ij)^  = F^iG/fz^)  (4.19) 

In  the  non-neutral  barotropic  case,  an  additional  nondimensional 
mmiber,  G/fL’  , describes  the  stability  influence.  Cardone  (1969) 
describes  a solution  for  the  more  general  case  in  which  the  pressure 
gradient  can  vary  with  height.  This  variation  depends  on  the 
horizontal  air  temperature  gradient,  ^ich  can  be  quite  large  near 
meteorological  fronts. 
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Cardone  (1969)  compared  the  published  empirical  determinations  of 
n /G  U /G  and  l!)  over  the  sea  with  model  predictions  \^ith  excellent 
results.  The  model  has  also  been  evaluated  at  the  Fleet  Numerical 
Weather  Central  (Kaitala,  1974) . It  was  concluded  in  that  study  that 
the  model  provided  a good  representation  of  the  surface  wind  field. 
Elements  of  the  model  have  been  incorporated  into  the  operational 
multi-level  numerical  weather  prediction  model  at  FNWC.  Recently,  the 
lajjJel  was  evaluated  and  tested  by  Isozaki  and  Uji  (1975)  in  connection 
with  the  specification  of  marine  boundary  layer  winds  input  to  an 
Pacific  Ocean  spectral  wave  prediction  model.  They  found  that  the 
PEL  wind  input  provided  better  wave  hindcasts  than  winds  produced  by 
synoptic  analyses  based  upon  ship  observations, 

r-omoarison  of  Objective  Winds  and  Special  Aircraft  and  Weather 
Ship  Measurements.  As  described  in  Chapter  2,  the  real  time  aspects 
of  the  experiment  included  an  effort  to  obtain  special  measurements  of 
the  surface  wind  beneath  an  S193  pass  from  the  ocean  station  vessels  and 
NOAA  and  NASA  aircraft.  Whenever  an  EEEP  pass  was  planned  during  which 
S193  could  scan  close  to  a weather  ship,  that  ship  was  requested  to  make 
special  wind  and  wave  measurements  at  the  expected  time  of  the  passage  of 
Skylab.  An  example  of  the  special  observations  made  at  Ocean  Station 
'’Papa"  in  SL  4 is  shown  in  Figure  4.29.  These  special  observations 
were  available,  typically,  within  several  days  of  the  pass  and,  for 
ships  equipped  with  wave  recorders,  were  accompanied  by  the  actual  wave 
record  for  the  comparable  20  minute  period.  Summary  wave  information, 
however,  was  provided  along  with  the  winds. 

Aircraft  underflights  were  conducted  for  several  passes  in  SL  2 and; 
SL  3.  These  passes  have  already  been  described.  In  SL  4,  the  NASA 
JSC  C130  conducted  two  underflights  in  the  North  Atlantic  Ocean  east 
of  Newfoundland  and  the  NOAA  G130  provided  data  beneath  a pass  over 
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SPECIAL  METEOROLOGICAL  OBSERVATIONS  MADE  AT 

OCEAM  WEATHER  STATION  »PAPA»  IN  CONNECTION 

WITH  SKYLAB  PASSES  OM  JANUARY  24.  25.  and  27.  1974 

Itean  wind  direction  True)  and  speed  (knots)  over  one  minute  Intervals 
beginning  at : 


January  24.  1974 

January  25.  1974 

January  27.  1974 

17A0  Z - 278/40 

1707 

2 - 217/21 

1840 

Z . 253/  29 

1741 

282/39 

1708 

220/20 

1841 

253/29 

1742 

282/42 

1709 

220/20 

1842 

256/26 

1743 

282/41 

1710 

221/20 

1843 

253/28 

1744 

282/40 

1711 

220/18 

1844 

257/25 

1745 

281/38 

1712 

222/20 

1845 

257/25 

1746 

281/40 

1713 

220/18 

1846 

257/26 

1747 

284/42 

in4 

222/20 

1847 

260/28 

1748 

281/36 

1715 

225/21 

1848 

257/26 

1I49. 

281/40 

lil6 

226/20 

1 

1849 

250/26 

1750 

i78/39 

1717 

225/21 

1850 

' 254/29 

1751 

281/42 

1718 

231/22 

1851 

253/30 

1752 

281/43 

1719 

228/21 

1852 

255/29 

1753 

280/40 

1720 

230/19 

1853 

253/28 

1754 

278/40 

1854 

253/28 

1755 

274/44 

1855 

253/27 

1756 

374/46 

1856 

251/29 

1757 

278/40 

1857 

254/30 

1758 

281/43 

1858 

251/30 

1759 

278/42 

1859 

252/28 

tfavea: 

Average  23  ft. 
Maximum  31  ft. 

SSSJUL* 

Average  10  ft. 
Maximum  14  ft. 

Wa^as: 

Average  8 ft. 
Maximum  14  ft. 

Position  of  shlo: 

50«00’  N 
145000*  W 

Position  of  shio: 

50OQ0*  N 
145O00*  W 

Position  of  shins 

4905I'  N 
145020 • M 

Figure  4^29  An  example  of  the  special  observations  made  at  OSVP  in  the 
North  Pacific  in  connection  with  actual  or  anticipated  S193 
‘ passes. 
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the  Eastern  Pacific  Ocean.  Several  additional  flights  were  conducted 
beneath  passes  in  which  S193  was  operated  in  the  altimeter  mode  or  in 
the  CTC  scatterometer  mode  md  will  not  be  discussed  here. 

The  locations  of  the  low  level  wind  measurement  runs  made  by  the 
aircraft  in  SL  4 beneath  the  three  pertinent  CTNC  passes  are  shown  in 
Figures  4.30,  4.31,  and  4.32.  Shown  in  the  figures  are  the  locations 
of  the  nearby  S193  cells  and  the  winds  at  the  cells  calculated  by  the 
objective  procedures  just  described.  The  flight  level  winds  were 
generally  representative  of  the  150  meter  level.  The  surface  boundary 
layer  wind  profile  (that  is  equation  4.8)  was  asstimed  to  be  valid  to 
this  altitudei  (see  e.g.  Ross  and  Cardone,  1974),  and  was  used  to  reduce 
the  winds  to  the  19.5  meter  level  on  the  basis  of  the  observed  air-sea 
temperature  difference.  The  19.5  meter  winds  were  then  converted  to 
effective  19.5  meter  winds  to  make  them  comparable  to  the  objective 
winds.  Even  though  the  aircraft  data  were  not  used  in  the  objective 
analysis  procedure,  the  agreement  between  the  aircraft  derived  winds 
and  the  objective  winds  is  excellent  in  all  three  cases. 

Many  more  special  weather  ship  observations  were  made  than  were 
actually  accompanied  by  S193  measurements'  since  many  planned  S193 
jiasses  were  cancelled  on  short  notice.  Table  4.1  summarizes  all  special 
aircraft  and  weather  observations  that  were  made  within  150  miles  of 
S193  cells  at  which  good  scatterometer  measurements  were  made.  Tlie 
liable  includes  the  objective  winds  at  the  closest  cell  or  cells  and 
the  distance  between  the  special  measurement  and  the  cell.  There  are 
only  14  cases  in  which  the  special  aircraft  or  ship  observations  are 
available  to  provide  an  independent  check  on  the  accuracy  of  the  surface 
truth  and  only  in  five  cases  are  the  data  near  cells  with  incidence 
angles  of  30°  or  greater!  This  high  quality  surface  truth  subset  is 
obviously  insufficient  to  evaluate  S 193  as  a wind  sensor.  The 
difference  between  the  objective  winds  and  the  special  winds  for  the 
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LATITUDE 


8iIUL_o 


CELL 

16-4 


NASA  JSC  UNDERFLIGHT  JANUARY  4.  1974 


89  IUL_o 

CELL 

16-3 


CROSSWINO  RUN 
281V  42  Ms. 


UPWIND  RUN 
277V40  kts. 


CELL 

18-3 


DOWNWIND  RUN 
277V  42  kts. 


average  of  3 RUNS  AT  500  FT. 
278/41  kts. 


EFFECTIVE  19.5  m WIND 
278/39  kts. 

INTERPOLATED  OBJECTIVE  ANALYSIS  WIND 
282®/ 40  kts. 


48 

LONGITUDE 


Figure  4.30  Winds  measured  by 
the  NASA  C-130  aircraft  east  of 
New  Foundland  beneath  the  S193 
CTNC  pass  of  January  4,  1974. 


LATITUDE 


NOAA  UNOERFLIGHT  OF  JANUARY  24.  1975 


10  GMT  SHIP  RePOPT 


•^1  30S0S 

(43^  22907 
iKCTP) 


CCLLS.5 


[ CELLII-5 

^?iP^^^20l4CMT 

2!59/37 


IBGMT  SHIP  REPORT 


\ 2G6/43 

^tVia28CMT 
G6V-0^25a/46 
CELL  T-5 


1850  GMT 

1855  GMT 
26l/48^'^»0.^_^ 
258^46^ 

55\k-0 

CELL  8-5 


CEUiO-5 


J3T^  255742 
■^932  GMT 
258/43 


7»yL-o 

GELLG-5 


AVERAGE  WIND  AT  500  FT  ( 1828  GMT  - 1941  GMTJ  255  V43  fcis  T^  • ♦a'C 
EFFECTIVE  19  5 METER  WIND  256V28fcIs 

OBJECTIVE  analysis  AVERAGE  WIND  AT  CELLS  7>5.  B-5,10-5  250V25M* 


54tti^ 
CELL  10-4 


Figure  4.32  Winds  measured  by 
the  NOAA  C-130  aircraft  in  the 
eastern  North  Pacific  Ocean 
beneath  the  S193  CTNC  pass  of 
January  24,  1973, 
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Table  4.1  Comparison  of  surface  truth  provided  by  objective  analysis  program  and  special  wind 

observations  from  Ocean  Station  Vvessels,  the  NASA  C130  and  the  NOAA  C130.  Speeds  are 
in  knots,  directions  are  in  degrees,  = air  temperature  (degrees  F),  = water 

temperature  (degrees  F),  and  distances  are  in  nautical  miles.  j is  the  observed 

wind  speed  referred  to  19.5  meters  elevation  and  neutral  stability.  The  tabulated 
distance  is  the  distance  between  the  location  of  the  special  observation  and  the 
closest  cell  or  cells. 


No. 

Day 

Date 

Site 

SPECIAL  OBSERVATION 
Time  (GMT)  Dir/Speed  T^  - Tg 

V 

'^19.5 

OBJECTIVE  ANALYSIS  OF  5 

Cell  Time  Dir/Speed  Distance 

1 

216 

8/4/73 

OSV  P 

1700-1714 

247/23 

+ .4 

22.4 

14-5 

1711 

239/23 

5 

2 

220 

8/8/73 

OSV  P 

1540-1559 

239/9 

- .7 

10 

13-5 

1554 

243/11 

50 

3 

252 

9/9/73 

OSV  K 

1925-1935 

90/5 

- 1.9 

6 

29-3 

1933 

106/12 

92 

4 

338 

12/4/73 

OSV  P 

1640-1659 

267/26 

- 2.0 

27 

3-4 

1645 

253/22 

21 

5 

4 

1/4/74 

OSV  J 

1925-1935 

230/26 

- 2.8 

27 

35-2 

1938 

216/28 

60 

6 

4 

1/4/74 

OSV  K 

1925-1935 

220/31 

- 2.8 

32 

40-2 

1940 

233/28 

34 

7 

11 

lAl/74 

OSV  K 

1755-1805 

220/53 

+ .1 

53 

27-4 

1750 

235/49 

53 

8 

24 

1/24/74 

OSV  P 

1740-1759 

275/41 

+ .5 

40 

3-5 

1748 

282/40 

87 

9 

25 

1A5/74 

OSV  P 

1707-1720 

223/20 

0 . 

20 

3-5 

1704 

228/18 

130 

10 

32 

2/1/74 

OSV  P 

1710-1729 

219/30  . 

± 0. 

30 

17-5 

1653 

217/20 

124 

11 

4 

1/4/74 

C130 

1724-1747 

278/41 

-12.0 

39 

16-3/18-3 

1911 

282/40 

30 

12 

9 

1/9/74 

C130 

1740-1800 

296/43 

-12.0 

41 

7-3 

1555 

292/39 

30 

13 

24 

1/24/74 

C130 

1828-1941 

256/43 

+ 2.0 

28 

7-5/8-5 

1749 

250/25 

5 

14 

24 

1/24/74  G130 

1954-2010 

235/39 

+ 2.0 

23 

11-5 

1750 

239/22 

12 

cases  shown  is  3.9  knots  BMS  in  speed  and  10®  RMS  in  direction. 

A portion  of  this  difference  is  attributable  to  the  distance  between 
the  measurement  and  the  cell. 

ERRORS  IN  THE  SPECIFICATION  OF  THE  VECTOR  WIND 

The  measurement  of  the  winds  involves  the  measurement  of  a 
vector  quantity  with  both  a magnitude  and  a direction.  The  specifi- 
cation of  the  winds  in  a wind  field  also  involves  magnitudes  and 
directions.  A value  for  the  vector  wind  that  has  the  correct 
magnitude  but  that  has  an  error  of  90°  in  direction  has  a much 
greater  error  than  a value  with  the  correct  direction  and  an  error 
in  magnitude  of  30%. 

The  measurement  of  light  winds  by  ships  at  sea,  even  if  the  ship 
has  an  anemometer,  is  particularly  difficult,  except  for  weather 
ships  hove  to  on  their  assigned  positions,  because  the  ship  is  under 
way  at  a speed  that  can  vary  from  7 to  10  meters  per  second.  The  cup 
anemometer  then  measures  its  own  movement  through  relatively  still  air, 
where  the  air  is  moving  at,  say,  2 or  3 meters  per  second.  If  the 
light  wind  is  blowing  at  right  angles  to  the  course  of  the  ship,  for 
example,  then  a correct  vector  difference  must  be  obtained. 

The  measurement  of  high  winds  is  also  difficult  because  they  can 
be  very  gusty  and  because,  if  the  measurement  is  by  anemometer  on  a 
ship,  the  ship  motions  in  heave,  pitch  and  roll  because  of  the  waves 
cause  the  anemometer  to  change  elevation  and  to  be  swept  through  the 
air  due  to  the  motion  of  the  mast.  Winds  are  consequently  best  measured 
over  a range  of  speeds  from  about  5 to  20  meters  per  second  and  the  errors 
of  measurement  are  greater  for  both  lower  and  higher  speeds. 

The  magnitude  of  the  vector  wind  in  the  planetary  boundary  layer 
fixed  elevation  above  the  sea  surface  is  essentially  a linearly 
varying  quantity  that  needs  to  be  measured  over  a range  from  nearly 
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calm  to  about  50  meters  per  second.  A range  from  zero  to  35  meters 
per  second  would  be  adequate  since  20  minute  mean  wind  speeds  much 
greater  than  this  are  rare  and  are  found  only  near  the  centers  of 
Intense  hurricane  force  tropical  cyclones. 

The  User  Agency  Working  Group  for  SEASAT-A  has  required  that 
backscatter  measurements  capable  of  yielding  wind  speeds  within 
± 2 meters  per  second  or  ± 10%  of  the  true  value,  whichever  is  worse, 
and  wind  directions  within  ± 20%  of  the  true  value  be  obtained  by  that 
spacecraft.  The  relaxation  of  the  requirement  for  high  winds  is  in 
recognition  of  the  difficulty  of  measuring  high  winds.  The  accuracy 
of  the  direction  measurement  for  light  winds  may  also  have  to  be 
relaxed  because,  in  a vector  sense,  it  is  contradicted  by  the  ± 2 meters 
per  second  specification.  The  User  Agency  Working  Group  did  not, 
however,  provide  guidance  as  to  exactly  how  it  could  be  proved  that  the 
specifications  have  been  met.  The  results  that  follow  will  provide  a 
means  to  accomplish  this  objective. 

Moreover,  if  the  errors  in  measurement  were  truly  random,  they 
could  be  distributed  about  the  true  value  in  such  a way  that  it  would 
be  (almost)  correct  in  most  meteorological  applications  to  assume  that 
the  ± 2 meters  per  second  requirement  mentioned  above  represents  the 
standard  deviation  of  a normally  distributed  error  in  magnitude. 

The  only  problem  here  is  that  when  the  magnitude  of  the  wind  vector 
is  used  as  the  defining  parameter  it  is  difficult  to  treat  a ± 2 meters 
per  second  standard  deviation  for  a 1 meter  per  second  wind.  A x»ay  out 
of  this  difficulty  is  to  treat  the  vector  wind  and  a vector  error, 
which  for  light  winds  can  mean  that  the  true  vector  wind  plus  a typical 
vector  error  can  be  180®  away  from  the  true  wind. 

All  of  these  remarks  are  equally  applicable  to  the  problem  of 
specifying  the  wind  field  on  a grid  of  points.  Errors  caused  by 


110 


interpolation  and  smoothing  can  produce  marked  changes  in  the 
direction  of  a light  wind  and,  with  strong  gradients  of  the  »d.nd  in 
areas  of  high  wind,  both  the  magnitude  and  direction  of  the  wind  can 
be  altered.  The  techniques  that  have  been  used  to  specify  the 
surface  truth  meteorological  winds  at  the  cells  scanned  by  S193  are 
the  best  possible  available  procedures  and  are  comparable  in  all 
respects  to  the  procedures  used  in  the  major  operational  meteorological 
forecasting  centers  around  the  world.  Nevertheless,  errors  in  the 
original  measurements  exist  and  errors  in  the  interpolation  to  a grid 
of  points  exist,  and  it  is  necessary  to  understand  these  errors 
before  the  errors  in  the  S193  specification  of  the  winds  can  be  under- 
stood. 

At  a point  in  space  and  time,  consider  a true  measurement  of  the 

wind  given  by  | Vj  | and  X-j  the  meteorological  sense  with  winds  from 

the  north  corresponding  to  X 0 and  winds  from  the  east  corresponding 

to  X » 90°.  Also  consider  the  reported  wind,  | V,  i and  In  vector 

M 11 

form, 

+ ^ (4.10) 

^ere  E is  an  error  vector  that  has  been  added  to  the  true  wind.  In 

(4.11) 

(4.12) 

(4.13) 

= LB^,  B^J 


component  form 


and 


= [I  VtI  cos  X^,  ! V^l  sin 
E « jl  e1  cos  6 , 1 e1  sin  6 j 
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without  loss  in  generality,  let  \ 

so  that  errors  in  direction  are  given  as  departures  from  the  true 
direction.  To  simplify  notation,  let  | 1 “ Vt  and  1 V^l  ■ . 

It  follows  then  that 


(4.14) 


and  that 


v''t  * D't  * 

2Ei  El  ^2^ 

*~r~J 


2!  + El  + 2 


3 

Vt 
2 2 
1 Eg  - El 


- V, 


- V, 


- V. 


(4.15) 

(4.16) 


which  represents  the  difference  between  the  magnitudes  of  the  true 
and  meteorological  winds.  The  last  approximation  is  pretty  good  if 
jjjig  errors  are  about  10%  of  the  true  wind.  Also 


cos  dX  * + El 

sin  A X = Eg 


(4.17) 

(4.18) 


and 


tan  A X 


Es 

Vt+Ei 


(4.19) 


which  represents  the  difference  in  direction  between  the  meteorological 
and  the  true  wind. 

Now  suppose  that  E^  and  Eg  have  a bivariate  normal  distribution, 
are  independent,  and  have  the  same  standard  deviation  as  in 


(4.20) 


U2 


From  the  other  definition  of  and  Eg 


(4.21) 
(4.23) 

Y da  (4.23) 

The  error  vector  has  a Raleigh  distribution  in  magnitude  and  a 
uniform  rectangular  distribution  in  direction  under  these  assumptions. 
Also  the  expected  value  of  E is  given  by  equation  (4.24). 

£(K)  = ° 

'-'O 

The  expected  value  of  E is  given  by  equation  (4.25). 

e(E^)  = 2D®  (4.25) 

The  effect  of  a vector  error  with  components  given  by  equation 
(4.13)  on  the  time  wind  is  markedly  different  as  a function  of  . 

For  the  situation  where  D = 2 and  xdiere  E^^  = 2 and  Eg  = ==  2 so  that 
both  errors  are  ± one  standard  deviation,  the  errors  in  magnitude  and 
direction  are  given  below  in  Table  4.2.  Other  examples  for 
E * 0,  E-  = ±2  can  also  easily  be  calculated.  Clearly  AX  can 
exceed  90®  and  be  near  180®  for  a range  of  conditions. 

If  these  assumptions  correspond  to  reality,  the  errors  in  light 
winds  can  be  tivo  or  three  times  the  magnitude  of  the  true  wind  and  can 
have  large  direction  errors.  Errors  in  the  magnitude  of  moderate  and 
fairly  high  winds  will  depend  on  the  variability  of  the  component  of  the 
vector  error  in  the  direction  of  the  true  wind.  The  direction  errors 
will  be  small. 


-1 


and 


= tan  Ej^/E, 


1 -%E®/D®  E 

£(E,6)=-J7«  5 


U3 


Table  4.2  Errors  in  wind  magnitude  and  direction  for  various  values 
of  the  true  wind  and  * ± 2 , Eg  » ± 2 . 

True  Wind  Magnitude  (meters  per  second) 

True  Wind 1 3 10 20 

Magnitude  2.61  4.39  2.17  2.09 

Errors  1.24  -0.76  -1.75  -1.88 

Direction  ±33®  ±26*  ±9.4“  ±5“ 

Errors  ±63*  ±45“  ±14®  ±6.3* 

A STUDY  OF  THE  ACCURACY  OF  THE  METEOROLOGICAL  WINDS 

As  described  previously  in  this  chapter,  the  meteorological 

surface  truth  was  determined  in  three  different  ways.  For  the  third 

way,  the  analysis  technique  spanned  the  entire  ocean  involved  and 

used  all  available  ship  reports.  These  reports  in  order  of  accuracy 

came  from  weather  ships  [Type  A]  on  station  manned  by  professionals 

to  record  the  weather  and  report  it  every  six  hours,  from  transient 

ships  [Type  B]  equipped  with  anemometers  at  known  heights,  from 

transient  ships  [Type  C]  with  anemometers  at  an  unknown  height,  and 

from  transient  ships  [Type  D]  that  estimated  the  speed  and  direction 

of  the  wind.  The  grid  points  in  the  PBL  model  had  their  wind  values 

set  by  using -the  above  types  of  ships  in  descending  order  of  priority. 

There  were  also  points  in  the  analysis  where  the  winds  were  computed 

from  the  isobaric  pressure  gradients  thus  providing  a fifth  category 

[Type  +]. 

The  winds  determined  in  this  way  were  used  to  provide  the  wind 
speeds  and  directions  at  each  of  the  cells  scanned  by  S193  many  of  the 
passes  in  SL  2/3  and  for  all  of  SL  4.  Early  in  the  program,  the 
important  question  of  how  good  these  meteorologically  determined  winds 
actually  were  arose,  and  it  appeared  to  be  a very  difficult  one  to 


answer. 


At  the  suggestion  of  Young  (1975),  a withheld  data  analysis 
of  a set  of  wind  fields  was  carried  out  using  the  same  procedures 
that  were  used  to  specify  the  winds  for  the  S193  cells*  The  wind 
fields  were  first  calculated  for  the  North  Atlantic  Ocean  with  the 
welather  ship  reports  included  in  the  data  base.  Then  the  weather 
ships  were  removed  from  the  data  base,  the  winds  were  recomputed, 
anti  the  category  of  ship  report,  if  one  could  be  used,  that 
replaced  the  weather  ship  was  noted. 

One  of  the  hypothesis  that  can  then  be  entertained  is  that 
wind  speeds  computed  from  backscatter  measurements  might  be 
comparable  to  the  quality  of  measurements  of  winds  by  weather 
ships  on  station,  or  by  one  of  the  remaining  three  ship  categories. 
If  the  weather  ships  are  thought  of  as  making  the  best  possible 
measurement  of  the  wind,  then  the  differences  between  the  weather 
ship  winds  and  the  winds  determined  in  their  absense  is  a measure 
of  how  well,  or  how  poorly,  the  winds  were  specified  at  the  other 
cells  scanned  by  S193. 

The  withheld  data  ana3.ysis  used  reports  from  the  North  Atlantic 
thirty  I hours  apart  beginning  on  July  15,  1973  and  ending  on 
February  2,  1974.  Weather  Ships  A,  B,  C,  I,  J,  K,  and  M were 
involved.  Appendix  B shows  the  results  of  these  calculations 
sorted  for  winds  from  zero  to  ten  knots,  ten  knots  to  twenty  knots, 
twenty  knots  to  thirty  knots  and  over  thirty  knots.  The  date,  time, 
ship  and  its  position  appear  first. 

Although,  these  are  additional  error  sources  both  in  the  wind 
measurement  by  the  weather  ship  and  in  the  interpolation  to  the 
grid  point,  V^g  will  be  equated  to  and  to  as  in  the 
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preceding  analysis  so  as  to  learn  about  the  kinds  of  "errors"  present 
in  the  planetary  boundary  layer  analysis.  This  assumption  will  be 
removed  in  the  next  section,  and  more  realistic  results  will  then 

be  possible.  

The  values,  VWS  and  CHIWS,  represent  the  wind  speed  and  direction 

interpolated  to  the  nearest  grid  point  of  the  NMC  double  resolution 
grid  as  obtained  from  a weather  ship  report.  The  values,  VSYN  and 
CHISYN,  represent  the  winds  at  that  same  grid  point  following  a 
complete  reanalysis  after  the  weather  ship  report  was  removed,  VE 
and  HHTE  are  the  magnitude  and  direction  of  the  vector  difference 
between  the  weather  ship  wind  and  the  synoptic  wind.  Since  the  weather 
ship  report  is  probably  the  closest  to  the  true  wind  and  the  synoptic 
wind  represents  the  usual  wind  in  areas  away  from  the  weather  ships, 
these  vector  differences  represent  the  kind  of  errors  possible  in 
computer  based  analyses  of  wind  fields  over  the  oceans. 

The  vector"error"is  resolved  both  into  east^west  and  north**south 
components  and  into  components  parallel  and  normal  to  the  weather 
ship  wind.  The  difference  in  direction  between  the  weather  ship  wind 
and  the,  synoptic  wind  is  also  shown. 

The  final  coltmin  is  the  "Type"  representing  the  nature  of  the 
data  that  replaced  the  weather  ship  that  was  used  in  the  first  analysis. 
Of  course,  there  are  no  "Type  A"  values  in  this  column  since  two 
weather  ships  are  never  on  station  simultaneously. 

The  data  in  Appendix  B can  be  scanned  to  see  some  of  the  kinds  of 
differences  (which  are  akin  to  errors)  that  can  result.  For  example, 
on  7/21/73  Weather  Ship  B yielded  a wind  magnitude  of  10.7  knots,  the 
synoptic  analysis  yielded  15.1  knots,  but  the  vector  error  was  21 
knots'  because  of  large  differences  in  direction.  Other  large  difference 
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values  are  found  for  Weather  Ship  A on  7/26/73 > Weather  Ship  G on 
8/14/73,  Weather  Ship  B on  10/11/73,  Weather  Ship  I on  10/21/73 
(VE  » 40  knots).  Weather  Ship  M on  11/8/73,  Weather  Ship  K on 
1/28/74,  and  Weather  Ship  I on  1/31/74. 

Tables  4.3  and  4.4  present  various  statistics  calculated  from 
this  sample.  The  first  group  in  the  first  table  stratifies  the  data 
according  to  the  type  of  information  that  replaced  the  weather 
ship,  that  is,  one  of  three  kinds  of  ships  or  the  pressure  field. 

The  second  group  stratifies  all  data  according  to  wind  ranges  and 
includes  all  types  of  replacement  data  in  each  range. 

As  described  previously,  the  last  step  of  the  analysis  consists 
of  the  application  of  a smoothing  operator  over  the  entire  field. 

The  final  smoothed  field  was  then  interpolated  to  the  position  of  the 
weather  ship  and  compared  to  the  weather  ship  report.  The  result  is 
given  in  the  third  group  called  ANAL  (BCD  +) . That  these  values  are 
smaller  than  all  the  others  is  to  be  expected.  They  represent  the 
base  line  error  in  attempts  using  present  techniques  for  the  analysis 
of  wind  fields  over  the  ocean.  The  group  labeled  SHIP  (BCD)  compares 
the  wind  reported  by  the  ship  that  replaced  the  weather  ship  with  the 
weather  ship  wind  without  any  corrections  for  the  fact  that  the  two 
ships  are  not  at  the  same  place  in  the  field.  These  numbers  are 
surprisingly  large,  and  indicate  the  need  for  the  various  smoothing 
routines  that  are  used  in  the  synoptic  analysis. 

The  last  group  in  this  first  table  is  most  instructive.  The  first 
step  in  the  synoptic  analysis  is  to  compute  the  wind  from  the  pressure 
gradient.  This  initial  guess  wind  value  is  compared  with  the  weather 
ship  report.  The  initial  guess  compared  as  well  with  the  weather 
ship  as  the  full  analysis  using  all  of  the  available  ship  reports. 
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TABLE  4.3  STATISTICS  OF  THE  VECTOR  ERROR  STRATIFIED  ACCORDING  TO  TYPE, 
WIND  SPEED  RANGES,  AND  OTHER  EFFECTS* 


MEAN 

2ND 

SQ 

E-W 

N-S 

NORM 

WIND 

PAR 

WIND 

E-W 

E-W 

N-S 

N-S 

NOI^ 

WIND 

NORM 

WIND 

PAR 

WIND 

PAR 

WIND 

BASE 

TYPE 

N 

£ 

MOM 

RT 

BIAS 

BIAS 

BIAS 

BIAS 

VAR 

STD 

VAR 

STD 

VAR 

STD 

VAR 

STD 

SYN 

B 

21 

8.7 

111.6 

10.6 

-.64 

-.37 

-1.77 

.75 

80.5 

9.0 

31.1 

5.6 

70.4 

8.4 

41.2 

6.4 

SYN 

c 

32 

8.0 

87.6 

9.4 

-1.20 

-1.29 

-.80 

1.75 

39.0 

6.2 

48.7 

7.0 

57.2 

7.6 

30.4 

5.5 

SYN 

D 

100 

8.3 

109.2 

10.5 

-.45 

.44 

.00 

.92 

55.1 

7.4 

54.1 

7.4 

58.8 

7.7 

50.4 

7.1 

SYN 

+ 

603 

9.4 

126.4 

11.2 

-.52 

-.09 

-.08 

1.93 

69.5 

8.3 

56.9 

7.5 

68.1 

8.3 

58.3 

7.6 

SYN 

0-10 

111 

5.4 

39.6 

6.3 

1.15 

.19 

.26 

-3.02 

18.7 

4.3 

20.9 

4.6 

12.6 

3.5 

27.0 

5.2 

SYN 

10-20 

284 

7.5 

76.0 

8.7 

.37 

-.10 

-.35 

-.47 

41.1 

6.4 

34.9 

5.9 

44.1 

6.6 

31.8 

5,6 

SYN 

20-30 

243 

9.9 

130.8 

11.4 

-.65 

-.15 

.12 

3.27 

73.8 

8.6 

57.0 

7.5 

75.8 

8.7 

55.0 

7o4 

SYN 

GT  30 

118 

15.3 

292.7 

17.1 

-4.11 

-.11 

-.57 

8.46 

158.1 

12.6 

134.5 

11.6 

151.8 

12.3 

140.8 

11.9 

ANAL 

B 

21 

3.6 

20.0 

4.5 

-.12 

-.26 

-.58 

1.26 

14.5 

3.8 

5.6 

2.4 

11,4 

3.4 

8.6 

2.9 

ANAL 

C 

32 

3.9 

21.5 

4.6 

-.68 

-.72 

-.34 

1.68 

10.0 

3.2 

11.4 

3.4 

11.0 

3.3 

10.4 

3.2 

ANAL 

D 

100 

4.0 

23.6 

4.9 

-.15 

.13 

-.12 

1.59 

11.6 

3.4 

12.0 

3.5 

11.8 

3.4 

11.8 

3.4 

ANAL 

+ 

603 

3.1 

14.2 

3.8 

-.14 

-.07 

.02 

1.56 

7.6 

2.8 

6.5 

2.6 

5.3 

2.3 

8.9 

3.0 

SHIP 

B 

21 

12.4 

228.7 

15.1 

-1.27 

-1.01 

-.13 

-4.18 

140*8 

11.9 

87.9 

9.4 

152.4 

12.3 

76.3 

8.7 

SHIP 

C 

32 

9.3 

112.5 

10.6 

-.80 

-.09 

-1.62 

-1.22 

51.2 

7.2 

61.4 

7.8 

63.5 

8.0 

49.0 

7.0 

SHIP 

D 

100 

10.8 

188.8 

13.7 

.49 

1.18 

-.05 

-2.53 

98.1 

9.9 

90.7 

9.5 

88.3 

9.4 

100.4 

10.0 

IG 

B 

21 

8.5 

105.6 

10.3 

-2.56 

.26 

.27 

4.56 

82.4 

9.1 

23,3 

4.8 

54.4 

7.4 

51.2 

7.2 

IG 

C 

32 

9.2 

130.3 

11.4 

-1.95 

-1.26 

.25 

4.26 

47.6 

6.9 

82.7 

9.1 

66.4 

8.2 

63.8 

8.0 

IG 

D 

100 

8.2 

93.9 

9.7 

-1.59 

1.26 

.08 

3.46 

49.7 

7.1 

44.2 

6.6 

53.2 

7.3 

40.7 

6.4 

IG 

* 

I 

+ 603  8.8  108.5  10.4  -.84 

(assiuning  perfect  weather  ship  winds) 

.52 

.05 

3.75 

56.3 

7.5 

52.3 

7.2 

47.2 

6.9 

61.4 

7,8 
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1AB1£  4.4  STATISTICS  OF  THE  VECTOR  ERROR  IN  A TWO-WAY  STRATIFICATION 
ACCORDING  TO  TYPE  AND  WIND  SPEED  RANGES* 


MEAN 

E 

2ND 

MOM 

SQ 

RT 

NORM 

PAR 

NORM 

NORM 

PAR 

PAR 

TYPE 

RANGE 

N 

E-W 

BIAS 

N-S 

BIAS 

WIND 

BIAS 

WIND 

BIAS 

E-W 

VAR 

E-W 

STD 

N-S 

VAR 

N-S 

STD 

WIND 

VAR 

WIND 

STD 

WIND 

VAR 

WIND 

STD 

B 

0-10 

2 

4.4 

19.4 

4.4 

-.31 

-3.04 

-3.40 

-2.74 

10.0 

3,2 

9.4 

3.1 

11.7 

3.4 

7.7 

2.8 

B 

10-20 

9 

7.8 

74.9 

8.7 

1.22 

-2.17 

1.34 

-1.54 

39.7 

6.3 

35.2 

5.9 

41.3 

6v4 

33.6 

5.8 

B 

20-30 

6 

7.8 

95.5 

9.8 

-3.88 

1.70 

-3.38 

.22 

53.2 

7.3 

42.3 

6.5 

79.7 

8.9 

15.8 

4.0 

B 

GT  30 

4 

14.1 

264.4 

16.3 

-.13 

1.92 

-5.54 

8.45 

248.4 

15.8 

16.0 

4.0 

151,3 

12.3 

113.0 

10.6 

C 

0-10 

7 

5.4 

32.5 

5.7 

-.32 

1.47 

-2.42 

-3.25 

22.7 

4.8 

9.8 

3.1 

13.3 

3.6 

19.2 

4.4 

C 

10-20 

10 

5.7 

38.3 

6.2 

.36 

-.35 

1.83 

.37 

15.2 

3.9 

23.1 

4.8 

23.9 

4.9 

14.5 

3.8 

C 

20-30 

10 

8.4 

89.0 

9.4 

.06 

-.53 

-2.92 

2.77 

55.4 

7.4 

33.6 

5.8 

66.4 

8.1 

22.7 

4.8 

C 

GT  30 

5 

15.3 

260.7 

16.1 

-8.08 

-8.58 

.43 

9.44 

76.4 

8.7 

184.3 

13.6 

167.2 

12.9 

93.5 

9.7 

D 

0-10 

18 

4.0 

24,4 

4.9 

1.25 

-.72 

1.08 

-1.14 

15.7 

4.0 

8.8 

3.0 

8.8 

3.0 

15.6 

3.9 

D 

10-20 

41 

7.2 

69,4 

8.3 

.29 

.57 

.21 

-.13 

35.6 

6.0 

33.8 

5.8 

41.3 

6.4 

28.1 

5.3 

D 

20-30 

30 

10.2 

167.6 

12.9 

-.61 

,33 

-.52 

1.50 

92.3 

9.6 

75.3 

8.7 

85.3 

9.2 

82.2 

9.1 

D 

GT  30 

11 

14.1 

237.4 

15.4 

-5.59 

2.15 

-1.09 

6,61 

90.8 

9.5 

146.5 

12.1 

133.3 

11.5 

104.0 

10.2 

+ 

0-10 

84 

5.7 

43.9 

6.6 

1.29 

.35 

,39 

-3.41 

19.2 

4.4 

24.8 

5.0 

13.3 

3.7 

30.6 

5.5 

+ 

10-20 

224 

7.6 

78.9 

8.9 

.35 

-.13 

-.61 

-.52 

43.3 

6.6 

35.6 

6.0 

45.7 

6.8 

33.2 

5.8 

+ 

20-30 

197 

10.0 

128.4 

11.3 

-.60 

-.26 

.48 

3.65 

72.6 

8.5 

55.8 

7.5 

74.7 

8.6 

53.7 

7.3 

+ 

GT  30 

98 

15,5 

301.6 

17.4 

-3.91 

-.01 

-.36 

8.62 

166.2 

12.9 

135.5 

11.6 

153.1 

12.4 

148.5 

12.2 

* 

(assuming  perfect  weather  ship  winds) 

5V';-  

The  variances  are  computed  about  an  assumed  zero  mean. 
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The  second  table  (Table  4,4)  stratifies  the  data  from  the 
first  two  groups  in  the  first  table  into  sixteen  categories  to  see 
if  there  is  a dependence  between  the  type  of  ship  and  the  different 
wind  speed  ranges.  Some  of  the  sample  sizes  are  so  small  that  the 
statistics  are  not  very  reliable. 

For  each  classification,  the  sample  size,  the  mean  magnitude 
of  the  vector  error,  the  second  moment  of  the  magnitude  of  the 
vector  error  and  its  square  root  are  given.  The  next  twelve  coliunns 
provide  statistics  on  the  vector"error"resolved  into  east-west  and 
north-south  components  and  into  components  parallel  and  normal  to 
the  weather  ship  wind.  Note  that  the  sum  of  the  E-W  VAR  plus  the 
N-SVAR  equals  the  second  moment  of  E as  do  the  NORM  WIND  VAR  and  PAR 
WIND  VAR,,  sums,  as  it  should. 

If  the  normal  components  of  the  vector"error"are  normally 
distributed  about  a mean  of  zero,  then  the  various  biases  are  means 
of  samples  of  size  N from  these  populations.  The  expected  value  of 
the  bias  is  zero.  The  standard  deviation  of  the  bias  is  given  by  the 
square  root  of  the  ratio  of  the  appropriate  variance  and  the  sample 
size.  A bias  within  plus  or  minus  twice  this  value  is  not  unusual. 
Values  for  the  bias  in  Table  4,4  that  do  not  lie  within  two  standard 
deviations  of  the  expected  value  of  zero  are  those  for  E-W/BIAS  for 
C GT  30,  + 0-10,  and  + GT  30  and  for  PAR  WIND  BIAS  for  C GT  30,  D GT30, 

+ 0-10  , + 20-30,  and  + GT30.  With  two  sets  of  16  pairs  tabulated,  these 
large  biases  are  somewhat  unusual.  The  biases  for  the  synoptic  analyses 
appears  to  be  systematic. 

The  EW  and  NS  vector  components  are  essentially  uncorrelated.  For 
Type  D,  the  range  of  wind  speeds  and  the  correlation  coefficients 
were  as  follows:  (0  - 10),  -0.14;  (10-20),  -0,041;  (20  - 30),  -0.031; 

and  (30+)  , + 0.12.  For  Type  +,  they  were  as  follows:  (0  -10), 

+ 0.066;  (10  - 20) ,-  0.082;  (20  - 30),  - 0,036;  and(30+),  - 0.009. 
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Table  4.4  shows  that  there  is  little  to  choose  between  types 
B,  C and  D.  Small  samples  require  caution  in  interpretation. 

However,  ships  with  anemometers  are  better  than  no  ship  at  all. 

The" errors" for  winds  greater  than  30  knots  are  double  the  average 
of  the 'brrors"for  the  lower  winds.  The  sample  sizes  for  Type  D 
and  Type  + make  it  possible  to  conclude  that  a ship  without  an 
anemometer  yields  a better  wind  than  the  wind  that  can  be  computed 
from  the  pressure  field. 

An  important  result  from  t^ese  tabulations  is  obtained  from 
the  values  of  the  variances  and  standard  deviations  of  the  vector 
»'4rror"  components  normal  to  the  weather  ship  and  parallel  to  it. 

For  all  types  in  Table  4,3  (SYN  BCD  +) . The  variance  of  the  normal 
component  exceeds  the  variance  of  the  parallel  component.  There 
is  a 0.06  probability  that  this  could  happen  by  chance  (one  sided). 
For  the  pooled  types  stratified  according  to  wind  speed  ranges,  the 
same  thing  happens  for  the  three  highest  ranges.  For  Table  4,4,  of 
the  sixteen  categories,  the  normal  wind"etror" component  variance 
exceeds  the  paralleled  wind  error  component  variance  thirteen  times. 
There  is  a 0.0106  probability  that  this  could  happen  by  chance 
(one  sided). 

This  can  only  occur  if  the  ship  reports  are  poorer  in  reporting 
wind  direction  than  in  reporting  wind  speed.  The  variance  of  the 
normal  component  appears  to  exceed  the  variance  of  the  parallel 
component  by  about  20%,  say,  for  simplicity,  by  a factor  of  about 
1.21.  Equation  (4.21)  is  therefore  not  quite  correct  and  should  be 
given  by  equation  (4.26)  where  D®  is  the  variance  of  the  parallel 
component  of  the  "error" . 

/(El  Eg)  » 2tr  1.1  D2 


D2  1.21  D2 


.] 


(4.26) 
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All  of  the  other  equations  that  follow  equation  (4,21)  are 
therefore  not  quite  right  and  the  magnitude  of  the  vector  error 
will  have  a probability  density  function  that  differs  in  some  way 
from  the  Rayleigh  distribution.  Histograms  of  the  magnitude  of 
the  vector  error  for  Type  + analyses  are  given  in  Figures  4.32, 
4,33,  and  4.34  for  ranges  of  the  weather  ship  winds  of  10  to  20, 
20  to  30  and  greater  than  30  knots. 

The  marginal  distribution  of  fi  can  be  found  easily  by  trans- 
forming from  cartesian  to  polar  coordinates.  It  is  given  by 
equation  (4.27), 


/(a) 


1.1  1 

2#  [1  +0.21  cos^g  ] 


(4.27) 


which  shows  that  the  directions  of  the  vector  error  has  a higher 
probability  of  being  equal  to  ±90°  than  to  zero  or  180“ . The 
magnitude  and  direction  of  the  vector  error  are  no  longer  independent. 
This  result  appears  to  be  different  from  the  error  statistics  in 
artillery  shots  at  a distant  target.  The  direction  usually  is  very 
good  and  the  range  is  poor  so  that  for  an  equation  similar  to 
equation  (4.26)  the  variance  of  exceeds  the  variance  of  Es . 

The  conditional  distribution  of  the  magnitude  of  the  vector 
"error"  is  given  by  equation  (4.28),  which  is  a Raleigh  distribution 
that  depends  on  5. . The  expected  value  of  the  magnitude  of  the 
vector  "error"  (given  6)  is  given  by  equation  (4.29). 

. /I  + 0,21  cos^  5 

(1  + 0.21  cos^  5)  1,21  D®  ^ 

1.21  D®  ® 
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/(E/6) 


(4.28) 


(4.29) 


e(E/6) 


yiTT" 


1»1D 

(1  + 0.21  cos®  6 
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A Further  Analysis  With  Different  Assumptions.  Although 
weather  ship  observations  of  the  wind,  presently  supplemented  by 
an  increasing  number  of  data  buoys,  are  undoubtedly  the  most 
accurate,  these  wind  observations  also  undoubtedly  have  errors  in 
them.  The  assumption  that  the  weather  ship  wind  represents  the 
true  wind,  made  in  the  preceding  section,  needs  to  be  examined 
critically.  A start  toward  a further  understanding  of  the  errors 
in  the  specification  of  the  winds  in  the  planetary  boundary  layer 
is  given  in  this  section. 

Consider  two  ship  reports  of  the  vector  wind  made  close 
enough  together  in  space  and  time  to  represent  the  measurement  of 
the  same  wind.  Assume  that  each  measurement  consists  of  the  true 
wind  plus  error  components  in  the  direction  of  the  true  wind  and 
normal  to  the  true  wind  with  appropriate  variances  as  in  equations 
(4.30),  (4.31),  (4.32),  and  (4.33). 


Vj  - V,  + Ej  - (V,  + Ej,,  E^^) 

(4.30) 

VAR  E„  - - D*, 

(4.31) 

Vg  » V + Es  ® (V^  + Egj,  Egg) 

(4.32) 

VAR  Eg^  = ; VAR  Egg  = dIs 

(4.33) 

A linear  combination  of  these  two  vector  winds  represents 
the  best  value  of  the  wind  to  be  used  in  a planetary  boundary 


layer  analysis  as  in  equation  (4.34). 

V » a + (1  - a)  Vs 
a V.J  + a + (1  - a)  Eg 


(4.34) 
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The  residual  error  of  the  linear  combination  can  be  called  E and 
is  given  by  equation  (4.35)  in  component  form, 

Eres  * “ ®3i  ^ss> 


The  vector  difference  between  ^ and  V is  defined  as  equation  (4.36). 

* 3. 

^diff  “ " 

If  the  components  of  the  error  vectors  are  normally  distributed 
independent  random  variables,  the  probability  distribution  functions 
for  the  error  vectors  would  be  given  by  equations  (4.37)  and  (4,38). 
All  of  the  data  in  Appendix  B and  the  statistics  in  Tables  4.3  and 
4.4  support  these  assumptions.  For  example,  the  normal  and  parallel 
components  are  both  normally  distributed  and  independent. 


,,,  . , . ■’&  ^ fe)'] 

12^ 


/(B,;.  E„) 


‘21  • “23'  2irDg,D3g 


^ (^)  3 


(4.37) 


(4.38) 


With  all  of  these  assumptions,  the  various  expected  values  for 


the  mean,  the  variance 
magnitude  of  E and  E 

X6S 

following  equations. 


of  the  components, 
can  be  found. 

dif 


and  the  variance  of  the 
They  are  given  by  the 


res 


(4.39) 


p(e'  y a 0 
dif r - 


(4.40) 


e|(E f,  (“D°^  + (I-os'd,^.  ai>%  + (I-oo'dJj) 


re  SI 


(4.41) 
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(4.43) 


^ 2.  2 2 2 a 

,f  \E  1 1*  D + D „ + D_,  + D„ 
I^rdiffi  7 11  12  21  . 


(4.44) 


The  best  linear  combination  of  the  two  winds  to  use  in  a PEL 
analysis  would  be  the  one  that  would  minimize  the  magnitude  of  the 
residual  vector  error  in  equation  (4.43).  This  is  obtained  by 
setting  the  derivative  with  respect  to  Oi  of  equation  (4.43)  equal  to 
zero  and  solving  for  OU  The  result  is  equation  (4.45). 


2 „2 
D,,  + Do. 


* *^52 

“i 2 3 

Dll  + Di=  + Dji  + 


(4.45) 


Now  suppose  that  the  errors  of  measurement  of  the  first  shxpj 
are  less  than  those  of  the  second  ship  and  that  the  variance  of  the 
magnitude  of  the  vector  error  is  some  constant,  R,  where  0 < R < 1> 
times  the  variance  of  the  magnitude  of  the  vector  error  of  the  second 
ship,  Vg,  as  in  equation  (4.46) . 


^1  °X2  - ^(°ai  + °22> 


(4.46) 


Equation  (4.45)  then  become®  equation  (4.47)  and  equation  (4.43) 
becomes  equation  (4.48). 


1 + R 


(4.47) 
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since  l-a=  R/(l  + R),  the  weight  factor  in  the  linear  combination  of 
the  two  ship  reports  that  represents  the  best  wind  estimate  are 
1/(1 + R)  and  R/(l  + R)  , and  the  residual  error  variance  of  the  linear 
combination  is  R/(l  + R)  times  the  error  variance  of  the  poorer  ship. 
The  values  of  ^ and  of  R/(l  + R)  are  given  as  a function  of  R in 
Table  4.5. 

Table  4.5  Values  of  Of  and  R/(l  + R)  as  a function  of  R. 


a R/(l  + R) 


0 

1 

0 

0.1 

0.909 

0.0909 

0.2 

0.833 

. 0.167 

0.3 

0.769 

0.231 

0.4 

0.714 

0.286 

0.5 

0.667 

0.333 

0.6 

0.625 

0,375 

0.7 

0.588 

0.412 

0.8 

0.556 

0.444 

0.9 

0.526 

0.474 

1 

0.500 

0.500 

From  equation  (4.44), 

the  variance 

of  the  magnitude  of 

difference  vector  can  be  written  as  equation  (4.49). 

The  preceding  withheld  weather  ship  analysis  started  with  the 
asstanption  that  there  were  no  errors  in  the  weather  ship  'winds.  To 
emphasize  this  assumption, the  word  ’’error"  has  been  put  in  quotation 
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marks  in  that  section.  This  is  a special  case  of  the  present  analysis 
with  R set  equal  to  zero.  For  R = 0,  a - 1,  and  since  is  zero, 
aquation  (4.34)  yields  the  true  wind  with  no  error  as  the  best  linear 
combination.  The  difference  vector  is  then  a measure  of  the  errors  in 

the  measurement  of  the  second  ship. 

In  contrast,  for  the  other  extreme,  suppose  that  the  errors  of  the 
weather  ship  measurements  are  equal  to  the  errors  of  the  second  ship 
so  that  R = 1.  The  best  estimate  of  the  wind  to  use  at  the  point  in 
question  is  then  the  vector  average  of  the  two  winds.  The  residual 
error  variance  is  reduced  to  one  half  of  that  for  either  ship,  and  the 
variance  of  the  magnitude  of  the  difference  vector  is  double  the  variance 
of  the  error  for  either  ship  alone.  The  errors  in  those  parts  of  the 
synoptic  analysis  that  used  ships  of  types  B,  C or  D would  be  reduced 
to  one  half  of  the  tabulated  values  for  variances  and  second  moments 
and  to  /2/2  for  Mean  E and  the  standard  deviations. 

Neither  of  these  two  extremes  is  probably  correct.  The  value  of  R 
is  surely  greater  than  zero  and  less  than  one,  and  the  best  answer 
lies  somewhere  between  the  values  in  Tables  4.3  and  4.4  and  the  values 
that  would  have  been  obtained  by  reducing  all  of  the  vector  differences 
at  the  start  of  the  withheld  data  analysis  by  yl/2. 

For  the  purpose  of  the  analysis  of  the  S193  data  to  be  carried 
out  in  Chapter  8,  it  is  advisable  to  make  a judgement  on  the  value  of  R 
and  to  try  to  provide  some  idea  of  the  size  of  the  errors  of  the 
measurements  of  the  wind  provided  by  the  five  categories  under  discussion. 
This  will  be  done  next,  subject  to  revision,  if  necessary,  when  the 
results  of  Chapter  8 are  presented.  Even  on  weather  ships  there  are 
still  many  difficulties  in  measuring  the  wind.  The  speed  is  usually  not 
averaged  over  a very  long  time  so  as  to  get  a stable  average,  and  the 
direction  is  not  recorded  continuously  so  as  to  get  a true  average  value. 
The  fact  that  the  ship  is  not  underway  does  make  the  measurement  easier 

to  carry  out. 
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Some  information  on  the  variability  of  the  winds  as  measured 
by  a weather  ship  can  be  obtained  from  the  tabulated  one  minute 
averages  of  wind  speed  and  direction  made  during  this  program. 

Weather  ships  PAPA  and  CHARLIE  provided  these  values  whereas  the  ^ f 

other  ships  reported  only  the  average  for  the  longer  than  usual 
time  interval. 

Fifteen  such  special  reports  are  summarized  in  Table  4.5. 

Depending  on  which  of  the  11  to  21  minutes  happened  to  be  the  one 
chosen  for  the  synoptic  report,  the  values  for  some  of  the  observations 
could  have  ranged  over  as  much  as  12  knots  for  some  of  the  speeds  and 

61°  for  some  of  the  directions. 

Even  twenty  minute  averages  of  the  wind  present  problems  in 
terms  of  the  theories  of  turbulence  and  the  periods  and  wavelengths 
that  should  be  filtered  out  to  obtain  the  best  value  for  a numerical 
weather  prediction  model.  Four  of  the  special  observations  tabulated 
above  were  used  to  obtain  the  average  wind  speed  and  direction  and 
then  the  variances  of  the  vector  components  normal  and  parallel  to  the 
mean  wind  vector  were  computed.  The  results  are  given  in  Table  4.6. 

These  values  are  small  compared  to,  say,  one  half  of  the  values  given 
in  Table  4.4  for  corresponding  wind  speed  ranges.  Some  part  of  the 
interpolation  error  given  under  ANAL  BCD  in  Table  4.3  must  also  be 
involved  in  the  use  of  a weather  ship  observation  interpolated  to  a 
particular  cell,  which  usually  will  not  include  the  ship.  . 

Also,  the  turbulent  spectra  of  the  horizontal  wind  components 
have  spectral  contributions  that  are  substantial  at  frequencies 
corresponding  to  periods  of  10  to  30  minutes  with  a gap  in  the  1 to  2 
hour  range.  As  shown  by  Pierson  end  Moore  (1972)  the  size  of  the  cells 
es  in  Table  1.1  at  the  three  largest  nadir  angles  are  in  one  dimension 
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Table  4,5  Special  Weather  Ship  Observations  from  PAPA  and  CHARLIE 


DATE 

D /M  / Y 

GMT 

START 

DIRECTIONS 

RANGE 

SPEEDS 

KNOTS 

RANGE 

KNOTS 

RECORD 
LENGTH  MIN 

SHIP 

13/  6/73 

1333 

276-301° 

26° 

18-24 

7 

20 

P 

4/  8/73 

1700 

245-250° 

6° 

22-24 

3 

15 

P 

5/  8/73 

1615 

225-230° 

6° 

12-14 

3 

20 

P 

8/  8/73 

1540 

227-249° 

23° 

6-12 

7 

20 

P 

9/  9/73 

1920 

100-160° 

61° 

4-7 

4 

21 

C 

17/  9/73 

1510 

350-  10° 

21° 

10-13 

4 

11 

c 

4/12/73 

1640 

261-271° 

11° 

23-28 

6 

20 

p 

5/12/73 

1550 

328-336° 

9° 

38-46 

9 

20 

p 

10/12/73 

1425 

145-161° 

17° 

22-28 

7 

20 

p 

24/  1/74 

1740 

274-284° 

11° 

36-46 

11 

20 

p 

25/  1/74 

1707 

217-230° 

14° 

18-22 

5 

14 

p 

27/  1/74 

1840 

251-260° 

10° 

25-30 

6 

20 

p 

29/  1/74 

1720 

45-  58° 

14° 

9-11 

3 

20 

p 

31/  1/74 

1550 

304-320° 

16° 

22-33 

12 

20 

p 

1/  2/74 

1710 

215-223° 

9° 

29-32 

4 

20 

p 
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Table  4,6  Selected  statistics  of  special  weather  ship  observations. 
Units  are  knots  and  (knots)®  and  degrees. 


DATE 

V 

X 

NORM 

VAR 

PAR 

VAR 

TOTAL 

VAR 

9/  9/73 

5.2 

128° 

1.8 

0.6 

2.4 

7/12/73 

25,1 

153° 

4.5 

2.9 

7.4 

24/  1/74 

40.9 

280® 

3.6 

4.0 

7.6 

31/  1/74 

26.6 

312° 

6.5 

5.1 

11.6 
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(neglecting  the  effects  of  area)  the  equivalent  of  1.6  to  3 hour 
averages  for  15  knot  winds,  of  19  to  38  minute  averages  for  25 
knot  winds  and  of  13  to  27  minute  averages  for  35  knot  winds  since  this 
is  the  amount  of  time  required  for  an  eddy,  based  on  Taylor's  hypothesis, 
to  be  advected  over  a distance  equal  to  a cell  dimension  at  the  wind 
Speed  indicated. 

From  Table  4*4,  there  is  not  much  difference  between  the  values 
tabulated  for  the  three  different  types  of  ships.  A much  larger 
sample  could  probably  show  that  they  stratify  according  to  the  method 
of  measurement.  For  the  purposes  here,  the  three  types  will  be  pooled 
iato  the  category  of  transient  ships,  and  weighted  averages  of  the 
total  variance  using  the  sample  size,  N,  for  each  wind  speed  range 
will  be  used.  The  weighted  average  for  types  B,  C and  D from  0 to  10 
knots  is  27;  for  10  to  20  knots,  it  is  65;  for  20  to  30  knots,  it  is 
102;  and  for  greater  than  30  knots  it  is  237. 

The  variance  total  introduced  by  the  analysis  procedure  is 
14  to  23  (knots)®  depending  on  wind  speed  ranges.  One  half  of  these 
values  plus  the  variance  totals  from  Table  4.6  yield  12.4  for  the 
0 to  10  knot  range,  21.5  for  the  20  to  30  knot  range  and  14  for  the 
greater  than  30  knot  range.  If  the  value  of  R is  chosen  to  be  0.5, 
then  the  total  variance  of  the  formal  and  parallel  error  components 
for  weather  ships  would  be  one  third  of  the  weighted  averages  for 
types  B C and  D as  given  in  the  preceding  paragraph. 

If,  then,  R = 0.5,  the  weighted  BCD  variances  must  be  divided 
by  1.5  to  obtain  the  variances  of  the  transient  ship  wind  errors. 

These  transient  ship  variances  in  turn  must  be  divided  by  two  to  get 
the  variances  of  the  weather  ship  wind  errors.  For  the  synoptic 
errors,  the  variances  of  the  weather  ship  errors  must  be  subtracted 
from  the  variances  of  the  synoptic  analysis  errors. 
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Also  since  the  tables  showed  that  the  normal  wind  error  component 
variance  was  about  21%  greater  than  the  parallel  wind  error  component 
variance,  the  totals  must  be  divided  by  2,21  to  get  the  parallel 
error  component  and  the  normal  component  is  then  the  total  minus 
this  amount. 

The  results  of  these  assiimptions , and  of  the  calculations  that 
they  imply,  are  shown  in  Table  4.7.  Additional  tables  for  other 
values  of  R,  say,  0.3,  0,4,  0,6,  and  Q. 7 could  easily  be  generated. 
These  kinds  of  errors  in  the  presently  available  meteorological 
techniques  for  specifying  the  winds  over  the  ocean  exceed  the  User 
Agency  Working  Group's  requirements  for  SEASAT-A  in  that  the 
standard  deviations  imply  errors  in  directions  exceeding  ± 20°  for  low 
winds  and  errors  in  speed  exceeding  i2  meters  per  second  (±4  knots) 
for  winds  under  40  knots  for  all  but  the  weather  ships.  The  require- 
ment for  SEASAT-A  is  thus  for  a remote  sensing  system  for  measuring 
winds  as  good  as,  if  not  better  than,  a weather  ship  near  every  cell 
scanned  by  the  instrument. 

Table  4.4  also  shows  that  the  inability  to  specify  the  direction 
of  the  wind  in  a PEL  analysis  produces  larger  normal  components  than 
parallel  components  to  the  error  vector*  The  cross  isobar  flow, 
determined  by  the  friction  in  the  lower  layers,  of  the  atmosphere  is 
thus  a source  of  difficulty  in  defining  the  wind  field.  The  same 
proportions;  namely  1.21  to  1.00  have  been  used  in  all  three  categories 
for  Table  4,7. 

The  results  of  the  withheld  weather  ship  analysis  and  of  the 
limited  sets  of  one  minute  average  winds  over  timed  intervals  from 
11  to  21  minutes  are  not  completely  consistent.  Effects  such  as  the 
differences  in  anemometer  exposure  from  one  weather  ship  to  another, 
of  less  than  one  minute  averages  in  the  reports,  if  they  occur,  and 
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of  sample  size  all  compound  tp  make  the  estimation  (in  a statistical 
sense)  of  the  errors  in  using  a weather  ship  observation  of  the  wind 
and  interpolating  it  to  a given  cell  in  an  S193  scanning  pattern  very 
difficult.  The  results  of  Chapter  8 suggest  for  example  that  the 
errors  for  light  winds  should  be  so«iiewhat  larger  than  those  given  in 
Table  4,7  for  weather  ships. 

The  histograms  in  Figures  4,33,  4,34,  and  4,35  can  be  reinterpreted 
in  terms  of  Table  4,7.  If  the  variances  of  the  errors  in  weather  ship 
measurements  are  half  those  of  transient  ship,  than  the  total  variances 
for  Type  + must  be  reduced  by  the  amounts  given  in  the  first  column  of 
Table  4.7,  The  magnitudes  of  the  wind  speed  errors  then  scale  according 
to  (5.73/78.9)^,  (94.4/128.4)^  and  (223.6/301.6)^  which  equal  0.85, 

0.86,  and  0.86  respectively.  The  largest  value  in  Figure  4,34  is  then 
38  knots. 

Moreover,  in  the  analysis,  of  S193  data,  the  problem  arises  of 
whether  or  not  the  quality  of  the  backscatter  data  can  be  demonstrated 
given  these  kinds  of  errors  in  the  meteorologically  determined  winds 
that  serve  as  the  surface  truth  for  this  experiment.  Strangely  enough, 
this  is  still  possible,  and  the  results  of  the  analysis  of  S193  data  to 
follow  are  most  encouraging. 

MdiMonal  Considerations  of  Synoptic  Wind  Field  Analyses.  The 
above  analysis  provides  a procedure  for  the  immediate  improvement  of 
wind  field  analyses  in  the  PEL.  In  the  presently  used  procedure,  if  a 
weather  ship  is  used  at  a grid  point,  no  other  ship  is  used.  If  a 
Type  B is  used,  no  other  is  used,  and  so  on.  Once  the  error  statistics 
of  weather  ships  are  found,  then  properly  weighted  linear  combinations 
of  the  vector  winds  reported  by  every  ship  that  can  influence  a 
particular  grid  point  can  be  computed  and  used  at  that  grid  point  for 
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that  wind.  For  two  ships  of  the  same  quality,  the  error  is  reduced 
to  707.  of  that  of  one  ship  alone.  For  four  ships,  it  would  be 
reduced  to  one  half  that  of  one  ship  alone,  and  so  on. 

The  withheld  data  analysis  technique  can  be  extended  to  Type  C 
(or  Type  D or  Type  +),  ships  replacing  Type  B ships.  Type  D (or  Type  +) 
replacing  Type  C,  and  no  ship  (Type  +)  replacing  Type  D.  The 
information  gained  would  be  particularly  useful  in  defining  the 
errors  present  in  sjmoptic  analysis  procedures  for  less  traveled 
parts  of  the  ocean  far  from  the  locations  of  the  weather  ships.  The 
error  estimates  in  Table  4.6  will  probably  turn  out  to  be  the  smallest 
that  will  be  found  and  large  areas  of  the  ocean  will  have  errors  in 
the  winds  over  them  that  are  greater  than  those  tabulated. 

Documentation  of  Theory  used  in  the  Error  Analysis.  The 
statistical  model  used  in  the  error  analysis  follows  the  theoretical 
developments  of  Rapp  (1952),  Crutcher  (1957),  Crutcher  (1962)  and 
Crutcher  and  Moses  (1963) . The  techniques  in  these  references  will 
also  allow  the  theory  to  be  extended  to  include  measurements  by 
SEASAT-A  of  the  vector  wind.  The  application  of  these  techniques  is 
illustrated  by  the  upper  wind  charts  prepared  by  Crutcher  and  Bailey 
(1962),  Crutcher  (1959a),  and  Crutcher  (1959b). 
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TABLE  4,7  Estimates  of  the  Errors  of  the  Vector  Wind  for  Weather  Ships 
Transient  Ships,  and  Synoptic  Analyses  for  Various  Wind  Speed  Ranges. 


Wind  Speed 
Range 
Knots 

Total 

VAR 

WEATHER  SHIP 
PAR  PAR  NORM 
VAR  SD  VAR 

NORM 

SD 

TRANSIENT  SHIP 
Total  PAR  PAR  NORM  NORM 
VAR  VAR  SD  VAR  SD 

Total 

VAR 

PAR 

VAR 

SYNOPTIC 
PAR  NORM 
SD  VAR 

NORM 

SD 

0-10 

9 

4.1 

2 

4.9 

2.2 

18 

8.1 

2.9 

9.9 

3.1 

34.9 

15.8 

4 

19.1 

4.4 

10  - 20 

21.7 

9.8 

3.1 

11.9 

3.4 

43.3 

19.6 

4.4 

23.7 

4.9 

57.2 

25.9 

5.1 

31.3 

5.6 

20  - 30 

34 

15.4 

3.9 

18.6 

4.3 

68 

30.7 

5.5 

37.3 

6.1 

94.4  42.7 

6.5 

51.7 

7.2 

GT  30 

79 

35.7 

6 

43.2 

6.6 

158 

71.5 

8.5 

86.5 

9.3 

223.6 

101 

10 

122 

11.1 

NUMBER  OF  TIMES 
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FIGURE  4.34  HISTOGRAM  OF  Tl 
WIND  ERROR  FOR  TYPE  +;  197 
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CHAPTER  5 THE  MERGING  OF  THE  METEOROLOGIOO., 

OCEANOGRAPHIC  AND  S193  DATA. 

RECAPITULATION 

As  described  in  Chapters  2,  3,  and  4,  there  eventually  came  a 
time  i»hen  the  S193  data  were  believed  to  be  correct,  and  the  meteoro- 
logical and  oceanographic  data  had  been  assembled  and  analysed.  The 
next  step  was  to  merge  the  two  data  sets  for  the  final  data  analysis 
steps  that  were  still  to  come.  At  this  stage  of  the  analysis,  the 
effects  of  variations  of  incident  angle  were  still  not  corrected  for. 
Also,  attenuation  had  not  been  computed  and  the  effects  of  wind 
direction  relative  to  the  pointing  direction  of  the  radar  beam  had  not 
been  treated. 

APPENDIX  A 

Appendix  A contains  tables  for  every  useful  S193  pass  during 
SKYLAB.  The  merged  data  for  each  pass  are  given  in  the  order  in  which 
the  pass  is  tabulated  in  Table  3.1.  The  data  for  both  ITNC  and  CTNC 
passes  are  given  in  similar  formats. 

The  heading  on  the  page  for  the  pass  gives  the  DOY,  the  date, 
the  type  of  pass  and  the  location.  The  coltimns  give  the  scan  number, 
the  incidence  angle,  the  backscatter  values  in  db  for  W,  HH,  VH,  and 
HV,  the  vertically  and  horizontally  polarized  antenna  temperatures  in 
degrees  absolute,  the  aspect  angle  of  the  wind  in  degrees,  the  wind 
speed  in  meters  per  second,  the  sea  surface  temperature  in  degrees 
Celsius,  the  time  of  the  measurement,  the  latitude  and  longitude  of  the 
cell  center  (where  - means  west  of  Greenwich),  and  a data  flag.  Nearly 
all  of  the  tabulated  values  are  self  explanatory  except  the  values  of 
the  aspect  angle,  the  azimuth  angle  and  the  data  flag. 
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The  azimuth  angle  and  the  aspect  angle  allow  the  wind  direction  to 
be  referred  to  true  north  and  to  the  pointing  direction  of  the  radar 
bedm.  The  azimuth  angle  gives  the  direction  toward  which  the  radar 
beam  was  pointing  at  the  time  of  the  measurement.  For  example,  on  DOY 
156*1  (June  5,  1973),  scan  numbers  2.1  through  8.5  show  azimuth  angles 
near  132*^,  which  for  a southbound  in  track  noncontiguous  pass  is  correct 
for  a pass  over  the  Gulf  of  Mexico.  Zero  degrees  aspect  angle  is 
defined  to  be  upwind,  and  positive  angles  are  clockwise  relative  to 
upwind.  The  wind  direction  for  scan  number  2.1  (from  which)  is  therefore 
133.7°.  The  aspect  angles  vary  from  -179.9°  to  +179.9°,  where  those 
near  zero  degrees  are  for  upwind,  those  near  d:180°  are  for  downwind. 

The  data  flag  can  be  a (1),  a (2),  a (4),  or  a (-2).  A (1) 
represents  land  in  a portion  of  the  cell;  a (2)  means  the  cell  is  near 
land,  a (4)  represents  rain  and  a (-2)  means  that  some  undetermined 
local  phenomenon  is  occurring.  For  most  analyses,  these  points  were 
excluded  from  further  analysis. 

For  the  XTNC  passes,  the  cells  for  the  different  incidence  angles 
form  groups  of  five  all  at  nearly  the  same  point  except  for  the  50° 
incidence  angle,  which  is  slightly  displaced  from  the  other  four.  For 
example  for  DOY  156-1,  the  latitudes  and  longitudes  for  scan  numbars 
3.2,  4.3,  5.4  and  6.5  are  within  0.05  degrees  latitude  and  0.17  degrees 
longitude  of  each  other,  and  scan  number2.1  is  slightly  displaced 
relative  to  the  other  four.  For  the  CTNC  passes,  every  cell  is  separate 
and  distinct  from  all  of  the  others. 

As  explained  in  Chapter  3,  the  passive  microwave  temperatures  were 
not  good  for  all  SKYLAB  4 passes  because  of  the  damage  to  the  antenna. 
These  remaining  data  were  nevertheless  processed  and  useful  results  were 
obtained. 


THE  PURPOSE  OF  THE  TABUIATIONS 

A study  of  this  nature  eventually  reduces  to  the  study  of  grouped 
sets  of  numbers  obtained  from  various  sources  and  manipulated  accord- 
ing to  the  present  theoretical  understanding  of  what  was  measured.  The 
data  in’ Appendix  A represent  nearly  all  of  the  data  needed  for  deter- 
mining the  relationship  between  winds  and  radar  backscatter  as  measured 
by  SKTLAB.  The  values  tabulated  are  relatively  untouched  by  theoretical 
manipulations  at  this  stage  of  the  presentation.  The  backscatter 
values  have  been  corrected  for  the  effects  of  the  departure  of  the  space- 
craft from  z local  vertical,  but  the  variability  of  the  nominal  incidence 
angles  is  still  preserved. 

In  this  form,  it  is  possible  for  theories  other  than  those  actually 
used  to  be  tested  against  the  data,  and  should  additional  sources  of 
meteorological  data  or  other  ways  to  analyse  the  meteorological  data 
become  available,  these  tables  would  be  a good  place  to  start  in  any 
reanalysis  of  the  SKYLAB  S193  data.  These  tables  represent,  by  them- 
selves, a significant  achievement  of  EPN  550,  since,  of  course,  they 
are  the  only  presently  available  measurements  of  radar  backscatter  from  a 
spacecraft.  Compared  to  the  measurements  that  may  eventually  become 
available  from  SEASAT-A,  they  form  a relatively  small  sample,  but  even 
this  sample  is  much  bigger  than  is  available  from  many  years  of  effort 
in  remote  sensing  programs  using  various  aircraft. 
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CHAPTER  6 BACKSCATTER  THEORY,  TflAVE  SPECTRA, 
BACKSCATTER  MEASUREMEMTS , AND  WAVE  MEASUREMENTS 


Introduction.  The  measurement  and  theoretical  understanding  of 
the  very  short  waves  on  the  sea  surface  as  a function  of  wind  speed 
and  direction  and  the  measurement  and  theoretical  understanding  of 
radar  backscatter  as  a function  of  wind  speed  and  direction  are  strongly 
interrelated.  Prior  to  the  research  of  Wright  (1968)  there  was  not 
much  of  an  effort  to  connect  the  properties  of  waves  on  water  to  the 
measurement  of  radar  backscatter.  In  this  section,  the  interaction  of 
the  above  four  aspects  of  the  problem  will  be  treated  from  1968  to  the 
present. 

There  are  three  different  kinds  of  radar  backscatter  theories  to 
be  considered  in  this  discussion.  One  applies  for  nadir  angles  near 
zero*  that  is  with  the  antenna  pointing  straight  down.  The  other  two 
apply  for  nadir  angles  of  about  30°,  or  more,  and  are  called  Bragg 
scattering  theories,  or  Rayleigh-Rice  theories,  as  given  for  example  in 
Rice  (1951).  Although  of  great  theoretical  interest,  those  theories  for 
radar  backscatter  for  nadir  angles  near  zero  are  not  particularly 
important  in  efforts  to  study  the  data  from  S193  on  Sky lab.  The  response 
to  wind  speed  of  the  radar  backs cat taring  cross  section  is  strongest 
and  most  useful  for  nadir  angles  greater  than  about  30°.  For  this 
reason,  the  near  nadir  angle  theories  will  not  be  treated  in  this 
discussion  except  to  note  that  examples  can  be  found  in  articles  by  Bass 
and  Bacharov  (1958),  Chia  (1968),  Fung  and  Chan  (1973,  1975a) , and  Jackson  (1974) . 

Bragg  scattering  theory  in  its  simplest  form,  as  in  Rice  (1951),  for 
example,  involves  only  the  spectrum  of  the  waves  evaluated  at  a specific 
value  of  the  vector  wave  number  spectrum  wnere  the  vector  exponent  has 
the  value,  2kg  sin  6 as  evaluated  in  the  direction  of  the  pointing  vector 
of  the  electromagnetic  wave.  In  this  expression,  k^  is  the  wave  number  of 
the  electromagnetic  wave;  that  is,  2ir/\  , where  \ is  the  radio  wavelength. 
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There  are  various  extensions  of  the  Bragg  scattering  theory.  Some 
consider  the  higher  order  extensions  of  the  theory  involving  sums  and 
differences  of  the  wave  numbers  involved,  multiple  reflections  from  the 
sea  surface,  and  other  effects.  The  extension  that  seems  to  have 
provided  the  most  useful  results  is  the  composite  theory  that  tilts  the 
surface  on  which  the  shorter  ocean  waves  are  riding  according  to  the 
probability  density  function  of  the  slopes  of  the  larger  waves. 

This  review  will  concentrate  on  X-band  and  K -band  radar  backscatter, 

u 

and  in  particular  on  backscatter  for  8.9  and  13.9  GHz  radio  waves.  For 
these  two  frequencies  the  radio  waves  are  3.37  and  2.15  cm  long,  and  at  a 
30°  nadir  angle,  2kg  sin  0 = k^.  It  is,  therefore,  important  to  know 
about  the  spectrum  of  waves  on  the  sea  surface  with  lengths  near  these 
values.  The  slopes  of  portions  of  the  sea  surface  of  dimensions,  say  10 
to  100  times  larger  than  these  values,  that  is,  about  20  centimeters  to 
four  meters  are  also  important  if  slopes  are  to  be  considered  in  an 
improved  theory.  Of  course,  as  the  nadir  angle,  9 , varies  from  angles 
less  than  30°,  for  example  25°  or  so,  up  to  angles  like  60°,  the  wave 
number  given  by  2k^  sin  9 varies,  and  values  that  correspond  to  the 
wavelengths  from  4 cm  to  1,25  cm  are  the  result. 

There  are  some  differences  in  the  definitions  of  the  wave  spectra 
involved  between  the  oceanographic  literature  and  the  radar  literature. 

In  the  radar  literature  a factor  of  it  seems  to  be  omitted,  and  the 
spectrum  is  treated  as  a double  sided  function,  such  as  would  arise  from 
the  inversion  of  a typical  covariance  function  for  the  sea  surface, 
instead  of  a single  sided  function.  These  features  are  usually  thoroughly 
taken  care  of  in  exact  derivations  that  use  oceanographic  representations 
for  the  wave  spectrum, 

A First  Attempt.  The  work  of  Wright  (1968)  was  strongly  influenced 
by  the  work  of  0.  M.  Phillips  (1966) , as  summarized  in  the  book,  "The 
Dynamics  of  the  Upper  Ocean".  Phillips  had  derived  a theory  based  on 
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dimensional  analysis  of  the  properties  of  waves  from  which  it  was 
concluded  than  an  equilibrium  range  existed  for  gravity  waves  and 
for  capillary  waves.  According  to  this  theory,  the  wave  number 
spectrum  that  should  be  used  in  radar  theory  would  be  given  by 
equation  (6,1)  where  the  symbol,  K,  represents  the  magnitude  of  the 
vector  wave  number. 


W(k)  = 


(6.1) 


If  an  isotropic  spectrum  is  assumed,  then  K is  given  by  equation 

(6.2). 


K = (K^  + (6.2) 

There  are  some  semantic  differences  between  the  concept  of  an 

equilibrium  spectrum  and  a saturation  spectrum,  but  Wright  interpreted 

Phillips'  work  to  mean  that  over  a large  range  of  wind  speeds  the 

spectrum  was  of  the  form  given  by  equation  (6.1),  and  assumed  that  the 

spectrum  was  isotropic,  that  is  completely  independent  of  wind  direction, 

so  that  the  second  equation  could  be  substituted  into  the  first  equation. 

The  only  remaining  unknown  constant  in  such  an  expression  for  the 

spectrum  is  the  value  of  B,  and  on  the  basis  of  the  material  found  in 

-3 

Phillips  it  was  assumed  that  the  value  of  B was  6 x 10  for  gravity 

-2 

waves  and  1,5  x 10  for  the  capillary  waves. 

The  first  order  Bragg  scattering  equation  for  the  normalized  radar 
backscattering  coefficient  for  vertical  polarization  is  given  by 
equation  (6,3)  where  9 is  the  nadir  angle  and  is  a not-too-rapidly 
varying  function  of  the  dielectric  constant,  e,  and  the  nadir  angle. 


-0  = 4trkgCos^9  W(K^,  KJ 


(6.3) 


-yv  o -TV  'X'  y 

In  this  context,  then,  once  all  of  these  assumptions  are  granted,  and 
if  the  equilibrium  range  for  what  is  loosely  referred  to  as  capillary 
waves  with  wavelengths  such  as  those  mentioned  immediately  above  can  be 
equated  to  a saturation  range,  then  the  problem  of  radar  backscatter 
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would  apparently  be  solved.  The  substitution  of  the  equation  for  the 
wave  spectrum  into  the  equation  for  radar  backscatter,  with  = 2kg sine 

in  this  particular  case  for  cfi  , yields  equation  (6.4). 

vv 

<j°^  = 3.75ff  X 10“^  cot^e  (6.4) 

If  the  capillary  spectrum  saturates,  and  if  it  saturates  for  a 
relatively  low  wind  speed,  then  this  equation  states  that  the  radar 
backscattering  cross  section  depends  only  upon  the  dielectric  constant 
of  sea  water,  and  the  nadir  angle.  In  the  above  equation,  the  value  of 
B is  that  that  would  be  obtained  for  "saturated"  capillary  waves.  Guinard 
(1969),  for  example,  gives  a similar  equation  (his  equation  8)  evaluated 
gravity  waves.  Since  the  ratio  of  the  saturation  value  for  capillary 

waves  to  that  for  gravity  waves,  according  to  these  assiimptions,  is 

-3  -3 

15/6,  the  constant  1.5  x 2 has  been  increased  to  3.75  x 10  . 

Both  Wright  (1968)  and  Guinard  (1969)  accepted  the  idea  that  the  radar 

backscattering  cross  section  at  X-band  saturated  for  a quite  low  wind 

speed  and  did  not  increase  above  this  wind  speed.  At  the  time  of  the 

preparation  of  the  second  reference,  Guinard  (1969)  concluded  that; 

"Lastly,  the  data  collected  with  the  X-band  system 
at  30*^  grazing  angle  have  been  used  to  detemine  an 
optimistic  estimate  of  the  variation  of  RCS"  with  wind 
and  a conservative  estimate  of  the  wind  speed  at  which 
saturation  occurs.  The  results  have  shown  that  the 
saturation  condition,  defined  to  hold  in  the  region 
where  the  RCS  varies  as  the  square  root  of  the  wind,  applies 
for  winds  in  excess  of  ten  knots.  This  is  indicated  by  the 
fact  that  the  increase  in  RCS  for  an  increase  of  wind  from 
the  10  knot  to  the  48  knot  wind  condition  is  approximately 
3 dB.  Further  experiments  are  planned  to  further  explore  the 
critical  region  in  the  wind  speed  range  from  5 to  20  knots." 

0 

(A  grazing  angle  of  30°  corresponds  to  a nadir  angle  of  60  ) . 

The  data  and  measurements  at  8.9  gigahertz  at  the  time  of  the 
presentation  of  this  paper  were  a very  strong  indication  that  the 
measurement  of  radar  backscattering  cross  section  would  not  depend  very 

Radar  Cross  Section  (i.e.  (J°) 
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strongly  on  wind  speed  and  did  not  depend  on  the  direction  of  travel  of 
the  waves  relative  to  the  direction  of  the  radar  beam. 

The  status  of  the  agreement  between  backscatter  measurements  at 
various  wind  speeds,  the  theory  of  radar  backscatter,  and  the  nature 
of  the  underlining  waves  that  cause  it,  according  to  Guinard  (1969), 
is  summarized  by  Figures  (6,1)  and  (6.2)  from  this  report  showing  the 
range  of  wind  speeds  for  which  measurements  were  obtained,  the  back- 
scattering  measurements  and  the  theoretical  curves  for  cr®  and  o° 

VV  HH 

for  8.91  GHz.  Except  for  the  40  knot  measurement  in  snow,  the  measure- 
ments for  winds  for  48  to  22  knots  cluster  close  together,  and  the  5 
knot  measurements  are  well  below  the  others  for  nadir  angles  from  30  to 
60  degrees.  The  theoretical  curve  for  saturation  lies  five  to  eight 
decibels  above  the  cluster  of  points  for  winds  between  22  and  48  knots 
for  vertical  polarization.  For  horizontal  polarization,  there  is  again 
very  little  spread  and  the  fact  that  the  observations  lie  10  to  20 
decibels  above  the  theoretical  curve  was  attributed  by  Guinard  to  the 
tilting  effect  of  the  large  waves  at  high  nadir  angles. 

The  concept  of  a saturated,  or  equilibrium,  or  fully  developed,  wave 
spectrum  in  these  wavelength  regions  was  substantiated  in  Phillips  (1966) 
by  a number  of  other  conclusions.  These  conclusions,  which  are  pertinent 
to  the  properties  of  capillary  waves,  serve  to  reinforce  the  concept  of 
a saturated,  or  a equilibrium,  spectrum.  For  example,  on  page  117  the 
following  statement  can  be  found, 

’’It  should  be  noted  that  an  infinitesimal  capillary 
wave  cannot  be  in  a state  of  stable  equilibrium  in 
which  the  energy  fliix  frc»i  the  wind  balances  the  viscous 
dissipation.  For  according  to  the  linear  theory,  these 
tW3  energy  fluxes  are  in  fixed  proportion,  each  being 
proportional  to  the  square  of  the  wave  amplitude.  A 
disturbance  either  dies  away  dr  grows  until  it  is  limited 
by  one  or  the  other  of  these  finite  amplitude  effects." 
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FIGURE  6.1  VERTICAL  POLARIZATION  BACKSCATTER  AT  8.91  GHz  ACCORDING 
TO  GUINARD  (1969). 
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FIGURE  6.2  HORIZONTAL  POLARIZATION  BACKSCATTER  AT  8.91  GHz  ACCORDING 
TO  GUINARD  (5969). 


Also  a plausible  explanation  of  an  increase  in  the  slope  of  the  sea 
surface  with  wind  speed  as  observed  by  Cox  and  Munk  (1954)  was  obtained 
within  the  saturation  theory  by  letting  the  high  wave  numbN  part  of  the 
wave  number  spectrum  grow  toward  higher  wave  numbers  with  increasing 
wind  speed.  The  expression  for  the  slope  integrated  over  direction  has 
a logarithmic  singularity  which  allowed  an  explanation  of  an  apparent 
increase  in  sea  surface  slope. 

Additional  efforts  to  measure  radar  backscatter  had  been  initiated 
by  NASA,  and  at  the  conference  where  the  report  by  Guinard  (1969)  was 
given,  an  analysis  of  the  larger  gravity  wave  conditions  and  the  winds 
that  were  observed  over  the  oceans  for  a range  of  conditions  encountered 
during  a mission  based  at  Shannon  Ireland  and  called  Mission  88,  was 
given  by  Cardone  (1969).  Moore  and  Bradley  (1969)  reported  on  the  analysis 
of  the  radar  data  obtained  with  a 13,3  GHz  (K^-band)  fan  beam  Doppler 
radar  on  Missions  70  and  88  of  this  program. 

The  fan  beam  Doppler,  wiiich  had  calibration  problems,  had  obtained 
the  shape  of  the  backscatter  curve,  a°^  as  a function  of  6 for  a fixed 
wind  speed.  However,  the  absolute  level  of  the  measurements  fluctuated 
from  one  measurement  set  for  one  wind  speed  to  another  measurement  set 
for  a second  wind  speed  by  as  much  as  10  decibels.  It  had  long  been 
recognized  that  at  nadir  the  backscattering  cross  section  decreases  with 
increasing  wind  speed  and  that  at  higher  angles  such  as  30°,  or  greater, 
it  increased  with  increasing  wind  speed.  It  was  assumed  that  all  the 
curves  at  different  wind  speeds  crossed  over  at  a nadir  angle  of  about 
10  and  the  relative  shapes  of  these  backscattering  curves  as  normalized 
were  compared  for  wind  speeds  varying  from  12,5  to  49  knots  for  upwind 
for  Missions  88  and  70  and  for  upwind  and  crosswind  for  Mission  88.  The 
data  that  were  available  were  for  wind  speeds  of  49,  31,  26,  13,  and 
12,5  knots.  For  upwind  measurements  at  a 35°  nadir  angle,  Moore  and 
Bradley  reported  a backscatter  increase  of  14  decibels,  and  for  cross- 
wind  a backscatter  increase  of  about  11  decibels  over  the  range  of  wind 
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speeds  from  12.5  to  49  knots.  The  upwind  difference  between  12,5  and  49 
knots  differed  from  the  crosswind  difference  by  3 or  4 decibels  with  the 
upwind  value  exceeding  the  crosswind  value.  Since  49/12.5  is  3.92,  or 
the  11  decibels  in  the  backscatter  suggest  a backscatter 
dependence  on  the  wind  speed  proportional  to  the  1.86  power. 

The  conclusions  of  Moore  and  Bradley  (1969)  are  quoted  below. 

"1*  At  13,3  QIz  the  shape  of  the  scattering  coefficient  versus 
angle  curve  is  truly  dependent  upon  wind  speed,  with  a difference  in  the 
ratio  of  35®  scattering  coefficient  to  10°  scattering  coefficient  of 
more  than  10  db  for  the  wind  speed  range  from  12  to  50  knots," 

"2.  Experimental  error  is  sufficient  that  the  absolute  level  of 
the  curves  must  be  established  by  better  experiments.  Hopefully,  these 
can  be  conducted  during  the  spring  of  1970.  Even  with  the  error  of 
measurement,  however,  the  measured  "absolute"  value  of  scattering  co- 
efficient at  35°  increases  with  increasing  wind  speed," 

"3,  The  difference  between  the  measurement  made  by  the  Naval 
Research  Laboratory  at  9 CSlz  and  the  NASA  MSC  aircraft  at  13.3  GHz  must 
be  resolved.  The  Naval  Research  Laboratory  measurements  indicate  a 
variation  with  wind  speed  of  about  3 db  over  the  same  range  xdiere  the 
NASA  measurements  indicate  a variation  of  more  than  10  db.  Although  it 
is  possible  that  part  of  this  may  be  due  to  differences  in  technique 
and  calibration,  a real  difference  due  to  this  relatively  small  range  of 
frequencies  (a  50%  increase  over  the  9 GHz)  may  exist." 

A Model  with  Wind  Speed  Dependence.  The  next  effort  that  tried  to 
relate  backscatter  to  the  wave  spectrum  was  that  of  Valenzuela,  Laing  and 
Daley  (1971),  The  radar  backscattering  measurements  as  described  by 
Guinard  (1969),  and  available  to  these  authors,  covered  nadir  angles  that 
ranged  from  15°  to  85°  and  included  the  angles,  30°,  45°,  60°,  70°,  and 
80  , in  addition  to  the  first  two  angles  mentioned.  There  were  four 
different  frequencies  available  for  the  radars  at  428  MHz,  1,228  GHz, 

4.455  GKz,  and  8,91  GHz.  The  radar  wavelength  are,  for  these  frequencies, 
70  cm,  24  cm,  6,73  cm,  and  3,37  cm.  By  use  of  the  Bragg  scattering 
condition,  namely  K * 2k^  sin  0 , and  with  the  variations  in  the  angles 
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mentioned  above,  wavelengths  from  135  cm  to  1.7  cm  can  be  sensed  in 
the  wave  spectnm,  if  the  asstmption  of  the  theory  is  correct;  namely, 
that  the  first  order  Bragg  scattering  theory  determines  the  radar 
backscatter  completely. 

Since  the  wave  number  spectrum  has  the  dimensions  of  cm  , and 
isotrophy  is  assumed,  one  can  write  equation  (6.5).  There  is  a constant 
needed  that  is  assumed  to  be  a universal  constant.  In  this  form,  the 
quantity  to  be  determined  is  i;,  and  it  is  assumed  to  be  a constant  that 
does  not  vary  over  the  entire  range  of  wave  numbers  in  the  spectrum. 

The  dimensional  analysis  with  L for  length  and  T for  time  of  the  above 
equation  is  given  below  in  equation  (6.6).  This  shows  that  the  analysis 
is  dimensionally  consistent. 


W(K)  = h" 


~v 


.21/ 


® Xj 


(6.5) 

(6.6) 


(^-21/)  (^2t/)  ) 

Valenzuela,  Laing  and  Daley  solved  equation  (6.3)  to  obtain  equation 


(6.7) 


W(K)  = 


w 


4 4 

4irk-  cos  a 
0 vv 


(6.7) 


The  backscatter  measurements  were  used  to  determine  the  value  of  v 
in  equation  (6.5).  The  spectrum  that  finally  resulted  was  of  the  form 
given  by  equation  (6.8). 


W(K) 


AU 


0.64 

19.5 


-0.32  -3.68 

S K 


(6.8) 


This  representation  for  the  vector  wave  number  spectrum  still  has  no 
azimuthal  angle  dependence,  and  one  would  still  use  equation  (6.2),  given 
previously,  in  this  equation  in  order  to  describe  the  variation  of  the 
spectrum  as  a function  of  two  orthogonal  wave  ntsnbers.  With  no  azimuthal 
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j e.  in  this  representation,  it  follows  that  the  radar 
angle  dependence  m thxs  P ^0.5. 
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A and  for  Upwind  and  crosswind  conditions. 
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Bradley  are  given  in  the  following  table. 


10  log^Q  °"vv  “ ^ ® 


(6.10) 
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Tdble  6#1  The  valves  of  A and  B found  by  Bradley  (1971)  for  different 
nadir  angles  and  wind  directions*  (13,3  GKz) 


Wind 

Direction 

Incidence 

Anele 

A 

B 

RMS  Error 

Upwind 

15° 

-7.51 

3.30 

0*717  dB 

25° 

-24.56 

11.21 

0.892 

35° 

-34.42 

14,93 

0.882 

Grosswind 

15° 

-6.68 

2.13 

0.748 

25° 

-22.84 

7.51 

1.196 

35° 

-35.51 

12.62 

1.355 

In  antilog  form,  equation  (6.10)  transforms  to  equation  (6.11). 


(6.11) 


V V 


The  results  of  Bradley  are  not  in  agreement  with  the  results  of  Valenzuela, 
Laing  and  Daley  (1971).  If  they  are  correct,  they  show  that  the  higher  the 
nadir  angle,  the  stronger  the  power  law.  The  table  also  shows  that  there 
is  a difference  between  crosswind  conditions  and  upvTind  conditions.  These 
particular  feature 3 cannot  possibly  be  derived  from  a wave  number  spectrum 
such  as  the  one  assumed  by  equations  (6,2)  and  (6.8).  For  these  equations, 
if  first  order  Bragg  scattering  is  correct,  the  exact  same  power  law  .'?5.%'‘uld 


be  observed  with  any  frequency  radar. 

A Study  of  the  Wave  Spectrum.  Pierson  and  Stacy  (1973)  undertook  the 
study  of  wave  data  and  the  oceanographic  literature  in  order  to  define  the 
wave  spectrum  at  high  frequencies  and  high  wave  numbers,  as  well  as  the  full 
range  of  the  wave  spectrum  as  mi^t  be  observed  on  the  open  ocean.  For 
their  purposes,  the  wave  number  spectrum  can  be  defined  as  equation  (6,12). 


S*(k,  4>)  « ^ 


(6.12) 


for  0 < k < ® 


and  < $ < 2»  zero  otherwise 


153 


This  spectrum  has  the  property  that  its  integral  as  given  by  equation 
(6.13)  equals  the  total  variance  of  the  wavy  surface. 

^/2  kdkd$  (6.13) 

Fully  developed  wind  seas  with  no  swell  waves  traveling  in  directions 
outside  of  90°  to  the  wind  direction  were  assumed  in  the  analysis.  Under 
certain  assumptions,  if  follows  that  equation  (6.14)  can  be  obtained, 

S(k)  = k S*(k)  =>  S*(k,  $)d$  (6.14) 

and  this,  in  turn,  if  wave  number  and  frequency  can  be  related  by  the 
dispersion  equation,  can  be  calculated  from  records  of  the  rise  and  fall  of 
the  wavy  sea  surface  at  a point.  Also  some  idea  of  the  total  contribution 
to  the  slopes  and  curvatures  of  the  sea  surface  can  be  obtained  from 
k^S(k)  andk^S(k). 

As  a part  of  this  study,  wave  spectral  data  for  waves  measured  in 
wind  water  tunnels  were  assembled  and  analyzed.  The  data  were  from  a 
study  conducted  at  NYU,  from  measurements  by  Toba  (1973) , and  from  a study 
by  Sutherland  (1967).  These  data  were  used  to  study  that  portion  of  the 
wave  frequency,  spectrum  from  five  hertz  (f  = OJ/  2ir)  upward  to  a viscous 
cut  off  frequency  that  was  wind  speed  dependent.  There  were  a total  of  67 
spectra  available  for  values  of  u.^  that  ranged  from  3.3  centxmeters  per 
second  to  170.2  centimeters  per  second.  These  friction  velocities  correspond 
to  winds  at  an  elevation  of  19.5  meters  above  the  sea  surface  that  would 
vary  from  3.5  meters  per  second  to  over  28  meters  per  second.  The  lengths 
of  the  fetch  in  the  various  ^?ind  water  tunnels  varied  from  about  2 meters 
to  over  18  meters. 

At  that  time,  it  was  believed  that  the  gravity  wave  spectrum  behaved 

like  equation  (6.15)  at  high  frequencies. 

2 5 

s(o})  = as  fui 
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(6.15) 


From  the  dispersion  relationship  for  gravity  waves,  namely  ui  • gh,  it 
follows  that  equation  (6.16)  can  be  obtained. 

S(k)=oj/2k^  (6.16) 

-3  * 

In  this  equation,  the  constant  a was  given  as  8.1  x 10  . 

The  region  of  interest  was  called  the  capillary  wave  spectrum, 
although  surface  tension  does  not  completely  determine  the  dispersion 
relationship  for  these  waves  and  Mitsuyasu  and  Honda  (1974)  questioned 
the  terminology.  But,  nevertheless  it  was  assumed  that  the  capillary 
wave  spectrum  was  given  by  equation  (6.17)  in  wave  nxnnber  form. 

S(k)  = B/k^  (6.17) 

The  dispersion  relation  for  all  waves  can  be  given  by  equation  (6.18). 


(gk  + (Tk^/p))^  (6.18) 

where  r is  the  surface  tension,  the  p density  and  g the  acceleration  of 
gravity.  The  appropriate  root  of  the  cubic  in  k that  results  from  the 
square  of  equation  (6.18)  yields  an  inverse  solution  for  k as  a function 
of  (0  suggested  by  equation  (6.19). 

k = k(w)  (6*19) 

From  8(k)dk  it  is  then  possible  to  obtain  equation  (6.20)  as  a 
candidate  for  the  frequency  function  for  the  wave  spectrum. 


S(aO  = B (k(w)  )“^  • do)  (6.20) 

Given  the  estimate  of  the  spectrum  in  this  frequency  range,  as  in 
S(w;  F)  for  different  friction  velocities  and  fetches.  The  quantity 
given  by  equation  (6.21)  can  be  found. 


H(w;  u^,  F)  = 


^(03 > F)  (^(<d))^ 
(0/2)  (dk(«)/dw 


(6.21) 


* 

a 

vv 


in  equation  (6.3)  has  nothing  to  do  with  this  0£ , nor  with  the 
(X  in  Chapter  4. 
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If  the  assumptions  are  correct,  H(to,  F)  should  be  a constant  over  a 
range  of  o)  from  about  lOlT  to  30ir,  or  so.  Finally  from  this  quantity  by 
integrating  over  a range  of  frequencies  where  the  function  appears  to  be 
constant,  the  quantity  given  by  equation  (6.22)  can  be  computed. 


D(u^,  F) 


n 1 '-to^ 


(6.22) 


The  quantity  D(u^,  F)  is  a number  for  each  one  of  the  67  spectra  available 
in  the  study. 

Pierson  and  Stacy  (1973)  were  making  a mistake  in  the  analysis  at 
this  point  that  was  not  realized  until  a year  or  so  later.  Nevertheless, 
the  quantity,  D(u*,  F) , was  calculated  and  shown  to  be  independent  of  the 
different  fetches.  The  spectrum  for  this  range  of  frequencies  was  then 
defined  to  be  equation  (6.23) 


S(k) 


Qt  D(u^)/2k 


3 


(6.23) 


with  D(u^)  defined  to  be  equal  to  equation  (6.24)  for  greater  than  12  cm 
per  second. 

5 2 2 

r>(u^)  = (1.247  + 0.268  u^+  10“  u*) 

The  results  were  plotted  in  a number  of  different  ways  and  discussed 
in  the  report.  One  of  these  ways  is  shown  here  in  Figure  6.3.  The  most 
interesting  feature  of  this  particular  plot  is  probably  the  four  order 
of  magnitude  increase  in  the  value  of  D(u^  that  occurs  roughly  as  a friction 
velocity  of  12  centimeters  per  second  is  reached.  This  was  interpreted  to 
be  the  onset  of  the  generation  of  these  high  frequency  waves.  It  indicates 
that  backscatter  measurement  should  drop  off  very  sharply  below  a threshold 
wind  speed  of  approximately  3.5  meters  per  second  over  the  ocean  since  the 
Bragg  scatterers  will  not  be  generated  for  wind  speed  less  than  this.  The 
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FIGURE  6.3  D(U^)  VERSUS  (FROM  PIERSON  AND  STACY 
(1973)).  DATA  FROM  AN  EARLIER  BACKSCATTER 
THEORY  HAVE  BEEN  OMITTED. 
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second  importent  feature  of  this  plot  is  that  the  quantity,  D(u*), 
continues  to  increase  by  a considerable  amount  after  the  frictional 
velocity  enceeds  the  value  of  12  cm  per  second.  For  u^  ranging  from 
12  to  approximately  190  cm  per  second,  the  quantity  D(u^  varied  from 
2.-5  to  approximately  60.  On  a double  log  plot,  the  curve  is  not 
quite  straight  so  that  the  analysis  does  not  yield  a straightforward 
power  law.  However,  the  range  Indicated  yields  an  11  db  increase  in 
n and  a 14  db  increase  in  D(u*)  which  imply,  m a crude  sense, 

power  law  dependence  Of  to  the  1.25  power. 

In  forming  the  function  H«u;  u*,  F) , the  actual  form  of  the 
function  was  graphed  for  a number  of  different  values  of  u*,  and  the 
result  of  this  operation  is  shown  in  Figure  (6.4)  for  values  of  the 
friction  velocity  ranging  from  about  57  to  169.  The  feature  that  was 
Mssed  in  the  analysis  was  clearly  shown  in  this  set  of  plots.  The 
curve  for  the  lowest  value  of  u*  slopes  downward  with  increasing 
end  the  curves  in  the  middle  lie  half  way  between  this  downward  slope 
and  the  decidedly  upward  slope  of  the  values  graphed  for  the  highest 
value  of  u^.  If  the  function,  H(»;  u*,  F).  had  been  fitted  by  a 
straight  line  between  C,  and  as  shown  on  this  figure,  its  slope 
would  have  changed  with  an  Increase  in  u,  from  a negative  slope  to  a 
positive  slope'.  The  difficulty  in  seeing  this  feature,  which  is  now 
obvious  on  the  basis  of  the  results  of  others,  can  in  part  be  attributed 
to  the  high  degree  of  sampling  variability  in  the  spectral  estimates,  as 
indicated  by  the  length  of  the  90%  confidence  interval  shown  on  the  figure. 

Pierson  and  Stacy  were  also  concerned  with  the  fact  that  the  wave 
n».ber  spectrum  had  to  be  anisotropic.  Stated  in  another  way.  equation 
(6.2)  given  much  earlier,  could  not  possibly  hold  at  these  frequencies, 
and  an  attempt  was  made  to  determine  something  about  the  coefficients,  a^. 
in  equation  (6.12).  Even  now.  this  particular  Fourier  series  is  not  well 
known  for  waves  with  these  wavelengths,  and  it  is  increasingly  more 
important  that  more  be  learned  about  the  anlsotrophy  of  the  waves  at  these 
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FIGURE  6.4  H(<d)  VERSUS  <u  FROM  PIERSON  AND  STACY  (1973) 
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wave  numbers  and  frequencies.  However,  from  the  study  of  the  data 

obtained  by  Bradley  and  the  Cox  and  Munk  (1954)  study  of  sea  surface 

glitter  patterns  and  probability  distribution  functions,  it  was 

possible  to  obtain  two  estimates  of  the  coefficient  a^  in  equation 

(6.12).  The  data  from  Cox  and  Munk  are  the  result  of  certain  integral 

operations  on  the  spectrum  given  by  equation  (6,12)  in  which  for  up- 

2 2 

wind  and  downwind,  it  is  multiplied  by  k (cos  $)  and  for  crosswind, 

2 2 

it  is  multiplied  by  k (sin  $)  . Similarly,  for  the  upwind,  downwind 

and  crosswind  values  in  the  results  obtained  by  Bradley  to  be  different, 
the  value  of  a^,  at  least,  has  to  change.  The  results  of  this  part  of 
the  analysis  were  that  the  quantity  a^  was  wind  speed  dependent  and 
increased  from  approximately  0.32  to  0.5  as  u^  varied  from  12  to  150 
based  on  the  data  from  Bradley.  Based  on  the  glitter  measurements  of 
Cox  and  Munk,  a^  increased  from  0.1  near  12  cm  per  second  to  approxi- 
mately 0,4  near  150  cm  per  second. 

Even  at  this  time,  there  were  data  available  in  the  oceanographic 
literature,  that,  if  interpreted  properly,  might  have  shed  more  light  on 
the  interrelationship  between  wave  spectra  and  radar  backscatter.  Two 
reports  of  great  importance  are  those  of  Leykin  and  Rosenberg  (1970)  and 
Kondo,  Fujinawa,  and  Naito  (1973).  Both  of  these  studies  showed  graphs 
of  the  frequency  spectrum  S(4u),  or  S(f),  as  the  case  may  be,  for  different 
wind  speeds.  The  study  by  Kondo  et.  al,  is  more  readily  available,  and 
reference  to  it  shows,  for  example,  in  Figure  3 of  that  paper,  that  the 
frequency  spectrum  in  the  high  frequency  portion  of  the  wind  generated 

wave  spectrum  lies  substantially  above  the  proposed  asymptomatic  form 
2-5 

given  by  a g 03  • Moreover,  the  growth  of  the  spectrum  is  greater  at  the 

higher  frequencies  than  at  the  lower  frequencies  over  the  range  of  interest. 
In  addition,  both  of  these  studies  indicate  that  there  is  no  saturation 
in  this  portion  of  the  frequency  spectrum.  The  study  by  Sutherland  (1967) 
also  indicated  that  there  was  no  saturation  in  the  spectrum.  The 
conclusion  of  Kondo  et.  al.  can  be  quoted  as  follows: 
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’’However,  our  field  results  do  not  indicate  the 
capillary  saturation  limit,  at  least  within  the  range 
of  winds  encountered  (about  1 to  16  meters  per  second 
measured  at  a height  of  10  meters) 

The  appropriate  quote  from  Sutherland  (1967)  is: 

"The  present  data  do  not  show  a true  equilibrium 
range  as  predicted  by  Phillips  (1958) 

More  on  Equation  (6.5).  Daley  (1973)  continued  the  analysis 
technique  originally  employed  by  Valenzuela  et.  al,  (1971)  using  a 
much  more  extensive  data  set  that  employed  the  same  four  different 
radars  and  the  same  set  of  nadir  angles.  The  data  set  consxsted  of 
the  values  used  by  Guinard  (1969)  obtained  in  1969,  values  obtained 
in  1965,  and  a new  set  of  values  obtained  in  1970  for  wind  speeds 
from  5.7  to  12.9  meters  per  second.  The  full  range  of  wind  speeds  was 
from  5.7  to  24.2  meters  per  second.  Still  of  the  belief  that  radar 
backscattering  could  be  explained  by  means  of  a first  order  Bragg 
scattering  theory  and  the  derivation  summarized  previously,  Daley  re- 
solved these  equations  for  the  entire  data  set.  However,  a separate 
check  was  made  of  what  the  wind  speed  dependence  of  or°  would  be  as  a 
power  law  function  of  the  wind  speed.  The  conclusions  of  Daley  can  be 
summarized  in  two  tables,  and  by  some  general  statements  based  on  these 
tables.  Only  the  results  for  the  8,91  GHz  radar  are  discussed. 

Table  6.2  based  on  the  results  of  Daley  (1973)  gives  the  values  of 
the  power  law  that  yields  the  best  fit  to  the  measured  radar  backscattering 
cross  section  in  terms  of  a proportionality  to  the  wind  speed.  Only 
values  of  wind  speed  greater  than  5 meters  per  second  were  used.  The 
limits  of  error,  ±2  standard  deviations  for  the  estimates  of  the  mean 
values,  that  are  given  are  ± 0.6.  The  power  law  dependence  of  a° 
wind  speed  according  to  these  results,  and  ignoring  polarization  for  the 
moment,  varies  from  0.3  to  2.0  depending  upon  the  entry  in  the  table, 
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1 aree  as  two  standard  deviations  is  adniitted  as 
arid  if  an  error  as  larg  dependence  would  be 

a possibility,  the  highest  possi  e eo-polarized 

- “ “ 

of  the  18  vale  ..sagree^nt  with 

exceed  one,  and  the  va  e-osswind  compared  with 

,10711  The  stronger  dependence  at  crosawin 

Bradley  (1971)  • ^eh  other  data. 

upwind  IS  strange,  ^ spectrum  had  to 

Still  under  the  results  were  further 

be  of  the  form  given  hy  equa  i , ’ ’ jp,  2 p in  the  equation  tor  the 
eueraged  and  smoothed  to  yield  a u^^^  ^uelengths 

spectrum  which  was  suppose  Valensuela 

end  corresponding  wave  ^ er 

et.  al.  (1971).  ® ^ „ these  results. 

dependence  of  radar  bachscatter  ^ 

pncportional  to  epee  *ether  the  measurements 

deviations  from  t is  stronger  wind  speed 

uere  made  JpirpUably  lost  in  the  scatter  of  the 

dependence  shown  in  Table 

values  for  the  constant  A in  equation  (6.5). 

, P2  2V  Tromhestfitofo“-9^''*or9>5m/s  for 

Table  6.2  values  ^PPP„l„d  (D) , -nd  crosswind  (0) 

X-band  radar  and  for  upwi  ’ standard  deviations  about  the 

uaasurements.  hi»itt  of  error  equal  to  tw 

sman  aree  0.6  (from  Daley  (1973)). 

Polarization 


Table  6.3  Values  f or  2 v for  equation  (6,5) 

Upwind  0.56  ± 0,3 
Downwind  0,46  ±0,3 
Grosswind  0,39  ± 0.3 

Although  it  was  noted  that  the  use  of  the  power  laws  in  the  first 
of  these  two  tables  would  give  a better  fit  to  the  data,  the  final  set 
of  figures  in  Daley  (1973)  shows  graphs  of  the  predicted  value  of 
in  db  over  a range  of  wind  speeds  from  well  under  five  meters  per  second 
to  24  meters  per  second  for  8.91  gigahertz  and  for  nadir  angles  of  30°, 

45°  and  80° , These  results  are  plotted  in  figure  9 of  that  reference 
and  are  well  worth  studying  in  the  light  of  the  review  being  undertaken 
here.  The  theoretical  curves,  of  course,  show  an  increase  of  only  about 
3.5  db  as  the  wind  increases  from  5 to  25  meters  per  second.  The 
variation  with  wind  speed  is  the  same  for  all  nadir  angles  and  is  obtained 
simply  by  displacing  the  same  shaped  curve  up  and  down  on  the  coordinate 
system.  The  data  points  scatter  about  the  theoretical  curves  by  as  much 
as  20  db.  In  some  places,  some  of  the  plotted  values  are  15  db  higher 
the  corresponding  point  on  the  curve,  and  other  plotted  values  are 
20  db  lower  than  the  corresponding  points  on  the  curve.  The  measured 
values  for  upwind  conditions  at  a nadir  angle  of  80°  are  plotted  as  small 
diamonds  in  the  figure.  There  are  20  values  plotted.  Of  these  20  values, 
only  four  lie  on  the  line  and  touch  it.  None  lie  over  the  line  and  the 
remainder  average  five  or  six  db  below  the  line.  One  point  at  a wxnd 
velocity  of  six  meters  per  second  is  15  db  below  the  theoretical  curve. 

Daley  (1973)  still  believed  in  a theoretical  upper  bound  to  sea 
return  and  in  an  equilibrium  spectrum.  All  of  the  wind  speed  power  laws 
given  have  no  indication  of  a wind  speed  above  which  they  no  longer 
apply.  It  is  interesting  to  note  that  these  weaknesses  in  the  model  show 
up  in  the  tabulated  data.  The  power  law  wind  speed  dependence  is  less 
and  less  as  the  radar  wavelength  increases,  and  becomes  negligible  for 
428  MHz,  Such  a result  is  inconsistent  with  the  model. 
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The  data  analyzed  by  Daley  (1973)  was  made  readily  available  in 
its  original  form,  and  Claassen  and  Fung  (1972)  analyzed  the  data  taken 
dnring  different  years  separately  to  see  if  a different  power  law  could 
be  obtained.  The  results  of  this  study  are  also  found  in  Claassen, 
Fung^et»  al»  (1972).  A technique  was  developed  to  permit  comparisons 
between  two  sets  of  data  and  to  test  the  hypothesis  that  sets  of  data 
taken  under  different  conditions  such  as,  for  example,  a year  apart, 
camp  from  different  populations.  There  were  reasons  to  believe  that 
Daley's  results,  especially  those  for  upwind  and  downwind  vertical 
polarization  in  Table  6.2,  gave  too  low  a power  law.  For  the  power  law 
exponents  of  pooled  sets  of  data,  all  but  two  of  sixteen  power  laws 
exceeded  one  for  four  different  nadir  angles  between  30°  and  40° , and  two 
polarizations  and  upwind  and  downwind.  A further  discussion  of  the 
matter  can  be  found  in  Jackson  (1974)  and  Daley  (1973). 

More  Measurements  of  Backseat  ter  and  Capillary  Waves.  As  these 
studies  were  under  way  and  being  carried  out,  SKYLAB  was  being  planned, 
and  an  Advanced  Application  Flight  Experiment  Program  was  being 
initiated.  The  radar  scatterometer  passive  microwave  part  of  S193  on 
SKYLAB  was  also  built  for  an  aircraft  version,  with  appropriate 
modifications,  and  independent  observations  of  radar  backscatter  were 
obtained  with  this  instrument  as  installed  on  an  aircraft  prior  to, 
during,  and  after  the  SKYLAB  experiment.  Also  new  results  on  the  high 
frequency  part  of  the  water  wave  spectrum  as  generated  by  the  winds 
became  available  in  papers  by  Mitsuyasu  and  Honda  (1974,  1975).  The 

wind  tunnel  used  by  Mitsuyasu  and  Honda  was  80  centimeters  high  with 
available  fetches  from  105  to  825  cm.  The  water  in  the  tunnel  was  38  cm 
deep,  leaving  42  cm  for  the  air  over  the  water. 

Table  6,4  from  Mitsuyasu  and  Honda  shows  the  values  of  u^  measured 
for  each  reference  wind  at  the  wind  tunnel  entrance  at  the  different 
fetches,  and  the  corresponding  10  meter  wind  for  the  free  atmosphere. 
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The  friction  velocity,  u^,  increased  with  increasing  fetch  for  the  same 
reference  wind  speed  in  the  wind  water  tunnel.  The  larger  gravity  waves 
grow  down  the  fete^b,  in  such  a tunnel,  and  the  crests  constrict  the  flow 
of  the  air  between  the  top  of  the  wind  tunnel  and  the  waves,  thus, 
increasing  the  wind  speeds  over  the  waves  and  the  stress  of  the  wind  on 
water.  It  is  very  important  to  measure  the  profile  of  the  wind 
over  the  wavy  water  surface  at  each  fetch  in  order  to  correct  for  these 
effects  in  the  analysis  of  the  data.  The  various  spectra  that  they 
published  and  the  tabulated  data  about  the  different  wave  properties  as 
a function  of  fetch  clearly  show  that  the  capillary  waves  are  growing 
as  a function  of  the  increase  in  u^  and  can  be  correlated  very  well  with 
the  locally  measured  values  of  this  parameter. 

Table  6.4  Wind  data  (from  Mitsuyasu  and  Honda  (1974)). 

U = reference  wind  tunnel  wind  at  entrance. 


U^m/s  Station  F cm  u^  cm/s  cm  m/ s 


r 

-4 

5.0 

1 

105 

14.9 

2.24x10  3 

5.7 

2 

225 

22.2 

2.40x10  , 

7.2 

3 

345 

21.6 

2.94x10  3 

6,9 

5 

585 

21.6 

3.05x10_2 

6,8 

7 

825 

25,9 

1.47x10 

7.2 

7.5 

1 

105 

29.4 

1.19x10  3 

10.0 

2 

225 

34.3 

4.79x10"2 

10.5 

3 

345 

44.9 

2.97x10" 2 

11,7 

5 

7 

585 

825 

49.6 

50.5 

4.28xl0"2 

7.49xl0" 

12.5 

12.0 

10.0  1 

105 

36.9 

4.07x10". 

12.9 

2 

225 

51,2 

1.06x10  2 

14.7 

3 

345 

66.9 

4.95x10  . 

16.6 

5 

585 

64.5 

3.99x10 

16,3 

7 

825 

66.9 

4.19x10" 

16.8 
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Continuation  of  Table  6.4 


I 

I 


U m/s 


Station 


F cm 


cm/s 


cm 

0 


BloB/s 


->.-3 

12.5  1 

105 

47.8 

1.67x10  ^ 

2 

225 

64.2 

1.53x10_,2 

3 

345 

77.1 

A. 41x10  2 

5 

585 

80.9 

5,33xl0"„ 

7 

825 

83.5 



7.50x10 

Figure  6.5  from  Mitsuyasu  and  Honda  show  the  frequency  spectra  of  the 
waves  at  the  longest  fetch  and  for  the  largest  u^  values  for  each  reference 
wind.  The  spectra  correspond  to  winds  at  10  meters  in  the  free  atmosphere 
ranging  from  7.2  to  33.2  meters  per  second.  If  the  fetches  had  been  longer 
ar>d  the  waves  for  the  gravity  wave  portion  of  the  spectrum  had  continued 
to  grow,  it  would  be  expected  that  some  of  the  oscillations  in  these 
spectra  in  the  range  from  5 to  10  hertz,  \diich  are  due  to  second  order 
corrections  to  the  larger  gravity  waves  where  the  spectral  peak  is  near 
two  to  four  hertz  would  disappear  and  the  nearly  straight  lines  that  go 
from  10  hertz  out  to  30  or  40  hertz  on  this  graph  would  continue  as  nearly 
straight  lines  back  into  the  range  including  these  frequencies  from  5 to  10 
hertz. 

As  graphed,  these  spectra  are  extremely  revealing.  The  frequency 
spectra  on  a double  log  plot  are  substantially  straight  lines,  at  least 
in  the  range  from  10  to  30  hertz.  This  means  that  the  spectrum  can  be 
expressed  as  a power  law  in  frequency  over  this  range.  Also  the  spectra 
are  closer  together  at  10  hertz  than  they  are  at  20  or  30  hertz.  At  10 
hertz,  the  spectra  increase  by  approximately  a factor  of  10  for  the  five 
nominal  wind  tunnel  speeds,  and  at  30  hertz  the  spectra  increase  by 
approximately  a factor  of  70. 
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The  spectra  proposed  by  Pierson  and  Stacy  (1973)  were  modified  in 
several  ways  by  Pierson  (1975) , the  most  important  being  that  the  curves 
shown  in  Figure  6.5  were  fitted  in  frequency  space  by  equation  (6.25). 


(6.25) 


for  w>  lOff,  and  for  fo  = 1.  A = 0.875,  u^>12  and  p - 5 - log^gU^ 


Given  the  spectrum  in  frequency  form  defined  for  frequencies  greater 
than  5 hertz,  the  spectrum  can  be  transformed  to  a wave  number  spectrum 
by  means  of  equation  (6.18)  so  as  to  obtain  equation  (6.26).  The  high 
frequency  end  of  the  spectrum  was  still  cut  off  according  to  the  results 
of  cox  (1958).  Also  an  additional  modification  of  that  spectrum  are 


given  in  Pierson  (1975) 


« vP-1  (1  + 3rk  /gp)  - 
S^Oc)  = 0.875  ilirV  P+1 

g 2 (k  + rk^/gp)  ^ 


(6.26) 


for  k S 1»  > 12,  and  p = 5 - log^^u^ 


Two  figures  from  Pierson  (1975)  are  reproduced  here  for  purposes  of 
further  discussion.  Figure  6.6  shows  the  wave  number  spectrum  for  five 
different  values  of  the  friction  velocity,  u.,,  corresponding  to  winds  at 
19.5  meters  above  the  sea  surface  from  3.5  to  34.3  meters  per  second. 

The  activity  in  the  spectrum  at  the  higher  wave  numbers  corresponding  to 
k = 10*^  to  k = 10^  is  quite  evident.  In  this  spectral  plot,  these  changes 
vould  produce  almost  trivial  changes  in  the  height  of  the  waves  for 
problems  in  naval  architecture,  for  example.  For  the  interpretation  of 
radar  backscatter  theory  they  are  essential.  The  part  of  the  wave  number 
spectrum  that  is  important  in  the  calculation  of  radar  backscatter  using 
simple  backscattering  theories  is  that  part  that  extends  from  k = 1 to 
k * 10,  approximately,  and  k - 1 corresponds  to  a water  wave  length  of 

6.28  cm  on  this  graph. 
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Figure  6.7  shows  the  graph  of  the  slope  spectnaa  plotted  in  a 

special  way  that  is  area  preserving.  The  slope  spectrtm,  strictly 

speaking,  is  given  by  k^S(k),  and  it  should  be  plotted  on  a linear 

wave  number  scale.  However,  since  the  contributions  to  the  slope  come 

-4  1 

from  wave  numbers  ranging  from  10  to  10  such  a plot  is  not  very 
practical.  To  compress  the  needed  information  onto  one  single  figure, 
the  slope  spectrum  has  been  multiplied  by  k and  the  resulting  function 
has  been  plotted  on  a linear  scale  for  the  vertical  axis  and  a logarithmic 
scale  for  the  horizontal  axis.  Such  a plot  is  area  preserving  and  shows, 
for  example,  that  the  gravity  wave  contribution  to  the  slope  of  the  sea 
surface  in  the  strict  definition  of  slope,  (for  an  infinitesimal  change 
in  the  horizontal  for  the  denominator  and  for  an  equally  infinitesimal 
change  in  the  vertical  for  the  numerator)  is  very  small  compared  to  the 
contribution  to  the  slope  for  waves  with  lengths  from  approximately  6 
meters  to  waves  with  lengths  of  0,6  cm. 

The  results  of  Mitsuyasu  and  Honda,  ^ich  show  that  the  wave  number 
spectra  spread  further  apart  with  increasing  wave  number  and  grows  more 
rapidly  at  high  wave  numbers  than  at  low  wave  numbers, begin  to  explain 
some  of  the  differences  in  the  power  law  derivations  obtained  by  those 
who  work  at  X-band  and  at  K^-band.  The  water  wave  number  for  say  X-band 
could  be  indicated  by  the  subscript,  1,  and  that  for  K^-band  could  be 
indicated  by  the  subscript,  2.  The  problem  would  then  be  to  find  the 
nadir  angle  that  would  be  looking  at  the  same  water  wave  number  on  the 
sea  surface.  This  is  indicated  by  equation  (6.27). 

2k^^  sin  9^  = sin  9^  (6.27) 

If  the  appropriate  values  are  substituted  into  this  equation  for  the 
wave  numbers,  the  result  is  equation  (6,28),  and  it  is  possible  to  solve 
for  the  sine  of  6^^  as  some  constant  times  the  sine  of 
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.0575 

,0550 

.0525 


.0500 


.0450 

.0425 

.0400 

.0375 

.0350 

.0325 

.0300 

S 0275 

1 .0250 
.0225 
.0200 
.0175 
.0150 

.0125 

.0100 

.0075 

.0050 

,0025 


(6.28) 


sin  6j^  ® 1»56  sin 

In  essence,  this  result  says  that  9^  has  to  be  increased  by  some 
amount  such  that  its  sine  is  1.56  times  the  sine  of  the  andir  angle  for 
the  higher  frequency  radar.  Clearly,  for  certain  angles  there  exists  no 
solution  for  this  equation  but  solutions  do  exist  for  nadir  angles  of  20°, 
30°,  and  40°  as  given  in  Table  6,5  below. 

Table  6.5  Nadir  angle  at  8.91  GHz  ( 9^)  required  to  yield  same  or°  as  at 
tabulated  nadir  angle  ( 13*9  GHz. 


e 

2 

sin  6 2 

sin 

20° 

.342 

.534 

32° 

30° 

0.5 

0.78 

0 

51 

0 

0 

0.643 

1.00 

90° 

This  table  shows  that  if  one  is  probing  the  sea  surface  with  a 

K -band  radar  at  13.9  GHz  and  at  a nadir  angle  of  30°,  it  is  necessary 
u 

to  use  a nadir  angle  of  51°  at  8.91  gigahertz  in  order  to  observe  the 
same  power  law,  under  the  assumption  that  the  linear  Bragg  scattering 
theory  presently  under  discussion  is  correct.  At  20°,  the  corresponding 
angle  for  the  X-band  radar  is  32° , and  at  a 40°  nadir  angle  for  a 
K^-band  radar  the  corresponding  to  nadir  angle  for  a X-band  radar  would 
have  to  be  90° . 
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The  fact  that  the  frequency  spectra  observed  by  Hitsuyasu  and 
Honda  spreads  apart  with  increasing  frequencies  implies  that  the  wave 
number  spectra  also  spread  apart  with  increasing  wave  number,  and  this 
means  that  the  higher  the  nadir  angle  the  greater  the  power  law 
should  be. 

If  sets  of  <3^  versus  9 curves  for  different  wind  speeds  are  all 
plotted  on  the  same  graph  it  would  also  follow  that  the  different  curves 
would  come  closer  together  with  decreasing  nadir  angle.  This  has  been  a 
fact  that  was  long  observed.  However,  most  attempts  to  explain  it 
involve  a transition  to  the  theories  of  the  Kirchoff  type  instead  of 
theories  of  the  Bragg  type  aind  begin  to  evoke  an  undefined  region  of 
these  curves  as  a function  of  nadir  angle  somewhere  near  30°  where  the 
Bragg  scattering  theory  was  thought  to  begin  to  fail.  The  results  of 
Hitsuyasu  and  Honda,  as  confirmed  at  least  in  part  by  observations  in  the 
Black  Sea  and  in  the  open  ocean  around  Japan  as  described  previously,  all 
suggest  that  the  convergence  of  the  curve  with  decreasing  nadir  angle 
is  simply  a function  of  the  characteristics  of  the  wave  spectrum  in  the 
wave  number  region  for  the  appropriate  frequencies  of  the  radar.  These 
results  also  indicate  a reason  why  the  power  law  dependencies  reported  by 
Guinard  (1969),  Valenzuela  et.  al.  (1971)  and  Daley  (1973)  are  all  lower  than 
the  power  law  dependencies  detected  with  the  radars  being  used  in  the 
various  NASA  programs  that  had  frequencies  of  13.3  and  13.9  gigahertz. 

The  discrepancies,  however,  are  larger  than  this  sinq>le  explanation 
indicates  and  are  partly  due  to  the  different  techniques  in  smoothing 
and  interpreting  the  data.  The  tables  extracted  from  the  work  of 
Daley  (1973)  provide  a partial  explanation  for  this  part  of  the  discrepancy. 

The  AAFE  Program.  The  work  of  the  advanced  application  flight 
experiment  program  that  used  the  same  type  of  radar  as  the  one  used  on 
SKHAB  began  at  this  time  to  yield  preliminary  results  concerning  the 
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po\«er  law  dependencies  of  the  radar  backscatter  at  13,9  gigahertz.  These 
results  are  sumniarized  by  Table  6,6  given  by  Grantham  et,  al,  (1975)  for 
nadir  angles  from  20°  to  50°  and  for  vertical  and  horizontal  polarizations. 
These  power  laws  are  all  close  to  one  or  greater.  At  30° , they  are  very 
nearly  equal  to  two,  and  at  50°,  some  of  them  are  actually  equal  to  two. 
These  results  are  in  much  closer  agreement  to  the  work  of  Bradley  (1971) 
than  to  the  work  of  Daley  (1973),  and  they  indicate  a very  strong 
dependence  of  radar  backscatter  on  wind  speed.  These  results  can  be  con- 
firmed  by  both  theoretical  investigations  and  on  the  basis  of  the  SKYLAB 
measurements  with  S193. 


Table  6.6  Power  law  dependencies  for  AAFE  Langley  Radscat  Program  at  13*9 
GHz  (Preliminary)  as  in  . 


w 

Upwind 

Downwind 

Crosswind 

1.0 

.99 

.99 

1.53 

1.51 

1.59 

1.9 

1.9 

1.9 

1.9 

1.89 

1.9 

1.9 

1.9 

1.9 

HH 

Upwind 

.94 

1.48 

1.9 

2.0 

2.0 

Downwind 

.94 

1.48 

1.85 

1.98 

1.98 

Crosswind 

.76 

1*29 

1.85 

1.95 

1.95 

A new  maneuver  was  developed  for  the  airborne  AAFE  radar . It  consisted 
of  pointing  the  antenna  straight  down  for  level  flight,  and  then  banking  the 
aircraft  to  a bank  of  30°  and  flying  around  in  a tight  circle  a great 
many  times.  The  result  was  a graph  of  radar  backscatter  as  a function  of 
azimuth  angle  in  degrees  for  a given  wind  speed.  Figures  6,8  and  6.9  shows 
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FIGURE  6.8  DATA  FROM  CIRCLE  FLIGHTS  WITH  AAFE  RADSCAT 
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FIGURE  6.9  DATA  FROM  CIRCLE  FLIGHTS  WITH  AAFE  RAOSCAT 


a plot  of  the  actual  data  obtained  during  these  circle  flights  for 
wind  speeds  of  3,  6.5,  and  15  meters  per  second.  The  only  thing  that 
has  been  done  to  these  data  is  to  have  the  upwind  direction  placed 
in  the  center  and  referred  to  0°.  Figure  6.10  shows  a smooth  version 
of  these  results  as  taken  from  Grantham  et.  al.  (1975).  In  their 
smooth  form,  the  curves  show  that  upwind  return  is  stronger  than  downwind 
return,  and  that  crosswind  is  much  lower  than  either  upwind  or  downwind 
for  the  same  wind  speed.  For  winds  of  15  meters  per  second  there 
is  a 4 db  difference  between  upwind  and  crosswind  return,  for  6.5  meters 
per  second  there  is  again  about  a 4 db  difference,  and  for  3.0  meters  per 
second  there  is  almost  a 6 db  difference.  From  3 to  6,5  meters  per  second 
there  is  a 4 db  increase  in  backscatter,  indicating  a power  law  of  1.19. 
For  upwind  conditions  for  winds  from  3 to  15  meters  per  second  there  is  an 
11  db  increase  in  backscatter  indicating  a power  law  of  1,57,  and  at 
crosswind  from  3 to  15  meters  per  second  there  is  a 12  db  increase  in 
backscatter  indicating  a power  law  of  1.72.  It  xs  interesting  to  note 
that  there  is  a range  of  4 db  for  the  same  wind  speed  depending  upon 
azimuth  angle.  These  results  should  be  contrasted  with  the  quotation  from 
Guinard  (1969)  where  it  was  claimed  that  only  a 3 db  increase  could  be 
detected  as  the  winds  increased  from  10  knots  (approximately  5 meters  per 
second)  to  48  knots  (approximately  24  meters  per  second)  in  measurements 
made  at  that  time. 

The  reduction  of  these  circle  flight  data  had  many  difficulties 
and  therefore  the  details  of  the  last  tw  figures  may  change  upon 
further  analysis.  The  roll  angle  of  the  aircraft  did  not  remain  constant 
but  fluctuated  about  the  nominal  angle  of  30®  introducing  trends  caused 
by  a changing  nadir  angle  that  had  to  be  removed  in  the  analysis. 

Details  in  the  numerous  problems  that  were  encountered  can  be  found  in 
Afarani  (1975). 
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Results  of  Fung  and  Chan.  There  still  remains  the  challenge  of 
providing  an  adequate  theoi^’  for  radar  backscatter  for  nadir  angles 
from  approximately  25®  to  60®  based  on  a more  adequate  Bragg  scattering 
theory.  The  most  questionable  aspect  of  the  various  theories  reviewed 
above  was  the  fact  that  the  effect  of  tilt  on  the  capillary  waves  was 
not  included  in  the  calculation  of  the  backscatter.  The  use  of  the 
spectra  defined  immediately  above  in  wave  number  space  as  derived  from 
the  observations  of  Mitsuyasu  and  Honda  would  yield  some  very  useful 
first  order  Bragg  scattering  theories  that  would  be  somewhat  closer  to 
reality  than  those  obtained  using  equation  (6.8)  and  the  results  of 
Daley  (1973). 

However,  the  most  useful  presently  available  theory  for  radar 
backscatter  at  these  nadir  angles  is  that  due  to  Fung  and  Chan  (1975  b), 
which  is  given  as  Appendix  C to  this  report.  This  theory  will  be 
briefly  reviewed  here  and  some  of  its  consequences  will  be  described. 
The  essence  of  the  results  of  Fung  and  Chan  can  be  summarized  by 
equation  (6.29) 


•as  -cot  6 


Z dz 
* y 


where 

e.  X)  - 8k*=r°|o^p|-H(6.  X)  (6.30) 

and  where  q W(  0,  X)  is  a modified  two  sided  form  of  the  spectrum 
given  in  equation  (6.12)  where  2k^  sin  0 has  produced  the  nadir  angle 
dependence  by  introducing  the  Bragg  condition  into  the  spectrum.  This 
equation  shows  that  the  radar  backscattering  cross  section  measured 
for  W,  HH,  or  VH,  depending  upon  the  values  of  p and  q used,  is  a 
function  of  the  wind  speed  through  the  frictional  velocity  u^,  as 
defined  by  the  variation  of  wind  with  height  in  the  planetary  boundary 
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layer,  the  nadir  angle,  the  azimuth  angle,  X?  the  slope  of  the  sea 
surface  in  the  x'  direction,  and  the  slope  of  the  sea  surface  in  the 
y'  direction.  This  value  for  the  radar  backscattering  cross  section 
is  computed  by  calculating  the  radar  backscattering  cross  section  for 
a range  of  different  nadir  angles,  0',  at  a given  wind  speed,  defined 
by  Uj,,  and  nadir  angle,  and  summing  the  Strength  of  these  returns  as 
a function  of  the  probability  density  function  of  the  tilts  of  small 
portions  of  the  sea  surface  toward  and  away  from  the  pointing  direction 
of  the  radar  beam.  This  operation  is  indicated  by  the  function 
P (Zxi  , Zy,  ),  where  the  x'  and  y'  axes  are  lined  up  so  that  x'  is  in 
the  direction  of  the  wind.  The  average  tilt  of  the  sea  surface  is  near 
zero  and  these  would  correspond  to  the  nominal  nadir  angle,  but  those 
portions  of  the  sea  surface  that  tilt  toward  the  radar  beam  will  have  a 
smaller  value  of  9'  and  a larger  backscatter  and  those  that  tilt  away 
from  the  radar  beam  will  have  a larger  value  of  the  nadir  angle  and  a 
smaller  value  for  the  backscatter.  The  integration  over  all  possible 
tilts,  properly  weighted  according  to  an  appropriately  derived 
probability  density  function,  then  yields  the  value  of  the  radar  back- 
scatter . 

The  subscript,  0 , in  this  equation  for  the  probability  density 
function  for  the  slopes  indicates  that  the  probability  density  function 
must  be  calculated  with  reference  to  a plane  normal  to  the  direction 
of  the  radar  beam.  It  is  not  the  same  probability  density  function  that 
would  be  obtained  by  calculating  the  slopes  that  would  be  observed 
relative  to  a horizontal  plane  at  the  mean  position  of  the  sea  surface. 
This  point  will  be  explained  in  greater  detail  below.  However,  the 
feet  that  the  slope  distribution  of  the  sea  surface  was  observed  to 
be  skewed  toward  the  upwind  direction  by  Cox  and  Munk,  plus  the 
consequences  of  an  appropriate  interpretation  of  this  probability 
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FOR  THE  EFFECT  OF  NADIR  ANGLE 


density  function  allows  for  the  explanation  of  the  difference  between 
the  upwind  and  downwind  measurements  of  backscatter,  and  the  variation 
with  X of  the  wave  number  spectrum,  assuming  a very  simple  variation, 
when  compounded  with  the  effect  of  slopes,  explains  the  observations 
of  the  circle  flights  made  during  the  AAIE  Langley  Radscat  Program. 

Figure  6.11  illustrates  a section  along  a wavy  sea  surface  and  a 
radar  beam  traveling  toward  the  sea  surface  at  a nadir  angle  of  45° . 
Equal  sections  normal  to  the  radar  beam  are  illustrated.  Some  of  these 
sections  reach  the  sea  surface  where  the  wavy  surface  is  tilted  toward 
the  radar  and  other  sections  reach  the  sea  surface  where  it  is  tilted 
away  from  the  radar.  The  projection  onto  the  horizontal  plane  of  the 
portion  of  the  sea  surface  tilted  toward  the  radar  is  much  shorter  than 
the  projection  onto  the  horizontal  plane  of  that  portion  tilted  away 
from  the  sea  surface.  This  means  that  the  probability  density  function 
for  the  sea  surface  slopes,  as  typically  derived,  has  to  be  corrected 


for  the  effect  of  nadir  angle,  except  for  the  special  case  idiere  the 
beam  points  straight  down.  Slopes  toward  the  radar  occupy  more  of  the 
beam  than  slopes  away  from  the  radar  and  therefore  have  a higher 
probability  of  occurring.  If  the  probability  density  function  derived 
by  the  classical  oceanographic  procedures  is  given  by  equation  (6.32), 
then  the  corrected  probability  density  function  for  a radar  beam 
approaching  the  sea  surface  at  an  angle  8 is  given  by  equation  (6.33) 
Since  the  slopes  of  the  sea  surface  can  be  represented  in  a more 
refined  way  in  terms  of  a Gram  Charlier  series  that  puts  the  TnaviTmiTP 
slightly  forward  of  zero  slopes  in  the  downwind  direction,  the 
combined  effect  of  this,  plus  this  correction,  yields  an  enhanced 
return  for  upwind  backscatter  compared  to  downwind  backscatter. 


P(Zx,  Zy) 


2ff0r  (T 
* 7 


(6.32) 
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Fung  and  Chan  have  compared  various  observations  from  various 
sources  such  as  the  NRL  data  and  the  AAFE  program  data  with  the 
theoi7  indicated  by  the  above  equation  and  found  quite  good  agreement « 
They  have  also  calculated  the  variation  with  azimuth  angle  of  the 
radar  backscatter  based  on  different  values  of  the  first  term  in  the 
Fourier  series  expansion  of  the  angular  variation  of  the  wave  number 
spectrum.  Clearly  if  more  can  be  learned  about  the  angular  variation 
of  the  vector  wave  number  spectrum,  this  aspect  of  the  theory  can 
be  improved. 

Figure  6.12  shows  the  results  of  the  application  of  this  theory 
to  conditions  where  the  wind  speed  was  25  knots,  the  nadir  angle  was 
30®,  and  W polarization  was  used.  The  coded  lines  indicate  that 
amplitude  of  the  second  harmonic  of  the  Fourier  expansion  given  in 
equation  (6.12)  as  0,35,  0.4,  and  0,45  to  show  the  variability  due  to 
this  effect.  The  circles  and  squares  indicate  the  values  of  back- 
scatter normalized  to  zero  at  upwind  for  a full  360®  circle.  The 
differences  between  one  part  of  the  360®  circle  from  0 to  180  and  then 
back  from  180' to  360  are  a measure  of  the  variability  in  the  measure- 
ment system.  The  theory  seems  to  fit  the  data  quite  well  within  half 
a db,  or  so,  over  the  full  range  for  a value  of  a^  equal  to  0,4, 

Figure  6.13  shows  a very  important  feature  of  this  theory.  The 
calculations  for  the  Bragg  scattering  theory  with  tilt  effects 
included  for  three  different  coefficients  for  the  Fourier  series 
expansion  of  the  anisotropic  behavior  shows  that  the  range  of 
variability  for  these  three  different  coefficients  is  not  tremedously 
large.  For  comparison,  the  first  order  small  perturbation  theory  for 
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FIGURE  6.13  AZIMUTHAL  DEPENDENCE  OF o-«ATe  = 60«,U=25  KNOTS  AND  13.9  GHz  FOR 
VARIOUS  CHOICES  OF  0^  FOR  VV.  THE  FIRST  ORDER  SMALL  PERTURBATION 
RESULTS  ARE  ALSO  SHOWN  FOR  COMPARISON. 


the  middle  value  of  these  coefficients  is  shown.  The  first  order 
smell  perturbation  theory  misses  the  difference  between  upwind  and 
downwind  and  over  predicts  the  minimum  at  crosswind.  The  effect  o 
tilt  tends  to  smooth  out  m>d  reduce  the  effects  of  very  strong 
angular  variations  in  the  capillary  wave  spectrum  at  the  Bragg 
scattering  wave  number.  This  is  a very  important  consequence  of 
the  theory.  It  will  be  necessary  to  understand  both  the  slopes  of 
the  larger  waves  and  the  capillary  wave  spectrum  thoroughly  before  a 

aomplete  theory  for  backscatter  will  be  possible. 

Finally,  equation  (6.29),  suggests  a number  of  reasons  why 

there  may  be  more  scatter  in  the  cos^arisons  of  backscatter  measure- 

«nts  With  Wind  speed  at  low  winds  then  at  high  winds.  « the  radar 
backscatterlng  cross  section  depends  upon  the  sea  surface  slope,  at 
can  be  expected  that  this  slope  will  differ  from  one  place  on  the 
ocean  to  another  when  the  winds  ate  light  simply  because 
presence  or  absence  of  the  larger  gravity  waves  that  contribute  to 
that  slope  and  that  are  not  in  Instantaneous  equilibrium  with  the 
local  Wind  speed  and  direction.  The  radar  backscatter  frm.  the  ocean 
according  to  this  theory  is  no  longer  uniquely  a function  of  «nd 
speed  and  direction.  It  will  undoubtedly  be  possible  in  the  future 
to  account  for  these  effects  as  wave  forecasting  models  are  improve 
because  the  sensitivity  to  the  slope  effect  will  not  be  too  great. 

In  this  connection  reference  is  made  to  Figure  6.7  given  ear  ler. 
consider  for  ersmple  a u,  of  30  centimeters  per  second  corresponding  to 
an  8.7  meter  per  second  wind  at  19.5  meters  above  the  sea  surface._^  e 
part  that  contributes  to  the  slopes  of  the  sea  surface  near  k - 10 
in  this  figure  and  that  corresponds  to  waves  with  lengths  of  60  cm  or 
so  will  be  present  when  the  wind  is  blowing.  However,  the  part  toward 
low  frequencies  near  k - Ifl-^  might  actually  have  some  swell  running. 
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produced  by  20  or  25  meters  per  second  winds  a day  or  two  earlier 
that  would  cause  a large  contribution  in  the  region  of  the  spectrum 

*4  •*3 

between  k = 10  and  k = 10  . These  numbers  would  never  exceed  a 

nominal  value  of  .004  but  they  could  occupy  an  area  on  such  a plot 
over  approximately  a decade  of  wave  number  space.  This  would  cause 
the  parameters  for  the  slope  distribution  needed  in  this  theory  to 
increase  by  20  or  30%,  and,  in  tuim,  this  would  produce  a new  value 
for  the  backscatter  compared  to  the  value  that  would  be  calculated 
under  the  assumption  of  a fully  developed  wind  sea. 

The  effects  of  the  larger  gravity  waves  on  backscatter.  In 
planning  a research  program  with  a time  span  of  many  years  <1971  to 
the  present),  the  need  to  acquire  certain  kinds  of  supplementary  data 
to  permit  a complete  understanding  of  the  primary  quantities  being 
measured  is  sometimes  indicated.  As  an  example,  suppose  that  some  of 
the  theories  available  at  the  start  of  a program  indicated  that  in- 
dependent measurements  of  some  property  would  be  necessary  to  correct 
the  primary  measurements  and  interpret  them  properly.  Suppose,  also, 
that  other  theories  indicated  that  the  effects  of  this  property  were 
relatively  insignificant.  Suppose,  also,  that  the  data  for  this  pro- 
perty could  be  recovered,  or  generated,  either  in  time  to  be  used  in 
the  analysis  of  the  primary  data,  or at  a much  later  time  with  an  ad- 
ditional delay.  Suppose  finally,  that  there  is  a deadline  for  the  sub- 
mission of  a final  report  on  the  experiment  simply  because  the  results 
are  needed  for  further  planning of  new  systems. 

There  are  two  decisions  that  can  be  made  at  the  start  of  such  a 
program,  and  there  are  tvo  possible  consequences  of  each  decision. 

The  process  is  similar  to  certain  aspects  of  statistical  decision 
theory,  but  much  less  quantitative.  The  two  decisions  are  (1)  to 
get  the  data  or  (2)  not  to  get  the  data.  If  the  first  decision  is 
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made,  either  the  data  will  eventually  turn  out  to  be  useful,  and 
decision  (1)  will  have  been  correct,  or  the  data  will  turn  out  not 
to  be  useful  and  decision  (1)  will  not  have  been  correct,  because 
money  and  effort  had  to  be  expended  to  get  the  data.  If  decision 
(2)  is  made,  either  the  data  will  turn  out  not  to  be  useful  and 
decision  (2)  will  have  been  correct,  or  the  data  will  turn  out  to 
be  needed  and  decision  (2)  will  not  have  been  correct.  If  decision 
(2)  is  made,  and  it  is  incorrect,  there  is  always  the  (remote) 
possibility  of  an  additional  extention  of  the  contract  until  the 
ddtid  c^n  be  obtflixiGci,  ot  cUtAlyzGda 

At  the  start  of  this  program,  the  effects  of  the  large  gravity 
waves  on  backscatter,  see  Chapter  1,  page  1,  were  not  well  under- 
stood. For  example,  simple  Bragg  scattering  does  not  depend  on  the 
large  waves,  but  the  results  of  both  Chia  (1968)  and  Jackson  (1974) 
required  the  full  spectrum.  Also  the  nature  of  the  wave  number 
spectrum  for  intermediate  wavelengths  was  almost  completely  unknown. 

The  decision  was  made  to  acquire  wave  data  from  weather  ships 
and  to  develop  the  ability  to  hindcast  the  wave  spectrum  over  the 
Northern  Hemisphere  oceans.  This  was  done  by  completing  a program 
under  development  for  many  years;  wave  spectra  were  calculated  from 
wave  records  and  hindcasted  for  the  Sky lab  passes  over  the  North 
Pacific  and  North  Atlantic  and  for  AVA. 

From  the  point  of  view  of  the  theory  of  backscatter,  the  decision 
was  correct  because  the  results  of  Fung  and  Chan,  discussed  above, 
determine  the  slopes  of  the  tilted  pieces  of  the  sea  surface,  in 

principal,  from  the  full  wave  spectrum  of  waves  longer  than  about  100 
times  the  Bragg  wave  number. 

There  will  be  variations  in  the  probability  density  function  of 
the  wave  slopes  that  will  be  caused  by  the  larger  gravity  waves  and 
these  variations  are  required  for  a complete  evaluation  of  this  theory 
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and  for  a complete  calculation  of  backscatter  values  from  first 
principles.  However j these  variations  will  probably  only  change 
the  slope  parameters  by  significant  amounts  for  low  winds  in  the 
range  from  5 to  15  knots  as  explained  in  other  parts  of  this  text. 

A working  tool  during  this  program  has  been  plots  of  measured 
0 

values  of  O'  in  db  versus  the  log  of  the  wind  speed  as  illustrated 
by  Figure  8.7,  as  an  example  (one  Of  hundreds) . For  a fixed  low 

value  of  the  wind  speed,  the  range  Of  the  values  of  cr°  is  very  large. 

When  the  winds  are  low,  the  background  gravity  waves  are  poorly 
correlated  with  the  wind  speed  (see  Moskowitz  (1964)  for  example) 
and  therefore  it  seemed  plausible,  until  about  a month  ago,  that  the 

variations  in  backscatter  at  a low  wind  speed  could  be  explained  on 

the  basis  of  the  variations  of  the  gravity  waves. 

This  rationale  collapsed  after  the  error  analysis  given  in 
Chapter  4 was  completed  and  when  Figure  8.3  was  drafted  and  dis* 
cussed.  The  large  range  of  backscatter  values  in  such  plots  for  a 
given  wind  speed  is  primarily  caused  by  the  errors  in  the  meteoro- 
logical specification  of  the  wind  speed  and  secondarily  caused  by 
the  variations  in  slopes  of  the  larger  gravity  waves. 

To  study  the  secondary  effect,  it  is  necessary  to  control  the 
primary  effect  by  obtaining  wind  speed  measurements  such  that  the 
variances  of  the  vector  error  components  are  at  least  a factor  of  25 
smaller  than  those  achieved,  so  that  the  standard  deviations  are  at 
least  a factor  of  5 smaller. 

Therefore,  at  the  very  end  of  this  program,  the  effort  to  refine 
the  prediction  of  the  wind  speed  based  on  a correction  for  the  effects 
of  the  larger  gravity  waves  had  to  be  abandoned.  The  situation  is 
somewhat  like  that  of  looking  for  a signal  when  the  signal  to  noise 
ratio  is  - 10  db,  except  that  radar  designers  do  it  easily  by  means 
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of  long  enough  averaging  times  for  both  the  signal  and  the  noise  and 
meteorologists  do  not  know  how  to  handle  the  similar  problem. 

The  decision  to  obtain  the  wave  data  was  correct  from  a theoretical 
point  of  view,  but  not  from  a practical  point  of  view,  since  the  data 
could  not  be  used  to  achieve  the  major  objecti/ve  of  this  investigation. 
The  major  objective  has  been  achieved,  anyway. 

In  a larger  sense,  the  time,  effort  and  funds  were  not  wasted.  The 
U.S.  Navy  has  a wave  climatology,  the  Fleet  Numerical  Weather  Facility 
at  Monterey  has  an  operational  spectral  wave  forecasting  program  and 
hurricane  wave  forecasts  are  being  actively  tested  at  AOML  in  NOAA. 

These  tools,  if  used  properly,  can  play  an  important  role  in  the  analysis 
of  ®0S"3  altimeter  data  this  winter  and  SEASAT-A  altimeter  data  and 
synthetic  aperture  wave  imagery  when  SEASAT-A  becomes  SEASAT-1.  Even 
now  steps  are  being  taken  to  improve  the  model  at  Monterey. 
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CHAPTER  7 PASSIVE  MICROWAVE  THEORY  AND  THE  CALCULATION  OF  ATTENUATION 
AND  DETECTION  OP  HEAVY  BAIN  WITH  THE  PASSIVE  MICROWAVE  DATA. 

PASSIVE  MICROWAVE  THEORY  AND  APPLICATIONS 

Passive  microwave  systems  are  currently  used  on  spacecraft  as 
illustrated  by  Figure  4.12,  and  a more  elaborate  system  is  being  de- 
veloped and  studied  for  use  on  SEASAT-A.  The  SEASAT-A  system  is 
called  SMMR  and  will  scan  a swath  approximately  500  Km  to  each  side 
of  the  subsatellite  track  with  five  frequencies  ranging  from  about  500 
megahertz  to  20  gigahertz.  Both  theory  and  aircraft  observations  in- 
dicate that  the  combination  of  these  ten  measurements  (two  polariza- 
tions) will  make  it  possible  to  determine  the  wind  speed  near  the 
sea  surface,  the  sea  surface  temperature  even  through  clouds,  the  liquid 
water  in  the  clouds,  and  the  water  vapor  in  the  air  at  nearly  all  nadir 
angles.  Pertinent  references  are  Claassen  and  Fung  (1973),  Droppleman 
(1970),  Fung  and  Chan  (1975),  Hollinger  (1970,  1971),  Moore  and  Pierson 
(1971),  Nordberg  et  al,  (1971),  Ross  et  al,  (1970),  Ross  and  Cardone 
(1974),  Stogryn  (1967),  Webster  et  al,  (1974),  Wentz  (1975),  Wu  (1973) 
and  Wu  and  Fung  (1973), 

The  theories  and  presently  available  measurements  using  passive 
microwave  systems  all  involve  the  determination  of  a matrix  that  re- 
moves the  small  effects  of  three  of  the  four  variables  at  a given  fre- 
quency so  as  to  recover  the  dominant  effect  of  the  remaining  variable 
as  in  the  following  matrix  equation,  where  U = wind  speed,  T^  = sea 
surface  temperature,  W liquid  water  content,  and  e * water  vapor 
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content. 


1 

% " 


The  values  of  the  a i = 1 to  4,  j = 1 to  10,  are  nadir  angle  depend- 

J 

ent.  The  values  of  U will  probably  turn  out  to  be  dependent  on  the  full 
wave  spectrum  and  on  the  percentage  of  foam  so  that  fetch  and  duration 
effects  will  have  to  be  removed.  Also,  there  may  prove  to  be  a weak 
aspect  angle  dependence,  but  this  is  not  expected  to  be  anywhere  near  as 
strong  as  the  aspect  angle  dependence  of  radar  backscatter. 

The  Skylab  EREP  package  did  not  carry  the  full  complement  of 
passive  microwave  sensors  that  these  theories  and  measurements  require. 
The  way  that  the  full  complement  of  five  sensors  will  function  has  yet 
to  be  demonstrated.  However,  measurements  from  other  spacecraft  have 
demonstrated  the  ability  to  determine  liquid  water  and  water  vapor  and 
measurements  from  aircraft  have  demonstrated  the  effect  of  wind  speed 
on  passive  microwave  temperatures  at  nadir.  The  microwave  data  during 
Skylab  2 and  3 at  13.9  GHz  did  not  appear  to  show  any  clear  correlation 
with  wind  speed, 

THE  USE  OF  PASSIVE  MICROWAVE  DATA  FROM  S193 
Purpose  and  Theory.  The  passive  microwave  part  of  S193  on  SKYLAB 
had  two  separate  purposes  compared  to  the  planned  uses  of  SMMR  on 
SEASAT-A.  One  purpose  was  to  correct  the  radar  measurements  for  attenua- 
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tion  effects  as  the  radar  beam  propagated  through  the  atmosphere  and 

through  clouds  and  rain  drops  to  the  sea  surface  and  back.  The  other 
was  to  detect  areas  of  heavy  precipitation  such  that  the  co-polarized 
backscatter  from  the  precipitation  would  be  so  strong  that  it  would 
mask  the  return  from  the  sea  surface.  The  radar  measurement  cannot 
be  used  to  find  the  wind  speed  under  these  conditions. 

The  physical  reasoning  and. theoretical  justification  for  this 
application  of  passive  microwave  measurements  was  given  by  Moore  and 
Pierson  (1971) , and  the  design  of  a combination  active  radar  and  pas- 
sive microwave  radiometer  was  described  by  Moore  and  Ulaby  (1969). 

A slight  paraphrase  of  the  reasoning  given  by  Moore  and  Pierson 

(1971)  follows : 

Although  experiments  show  that  the  microwave  radiometer 
response  is  proportional  to  windspeed,  the  experiments  also 
show  that  a much  greater  effective  temperature  increase  occurs 
when  the  radiometer  flies  over  precipitation.  Since  precipi- 
tation is  a cause  of  significant  absorption  of  microwaves,  and 
any  absorber  is  also  a radiator,  this  effect  was  to  be  expected 
as  shown  by  Kreiss  (1969)  and  Singer  and  Williams  (1968).  If 
the  absorption  is  sufficiently  strong,  the  effective  temperature 
seen  by  the  antenna  is  essentially  the  actual  temperature  of 
the  absorbing  medium.  Since  this  temperature  is  always  far 
above  the  effective  temperature  of  the  ocean  surface,  flying 
over  a precipitating  cloud  causes  large  increases  in  the  apparent 
temperature  seen  by  the  radiometer. 

Although  this  increase  in  radiation  from  a precipitating 
cloud  has  been  observed  many  times,  the  most  significant  mea- 
surements for  our  purpose  relate  the  attenuation  through  the 
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precipitation,  or  cloud,  with  the  emission  i'rom  it.  Wilson  (1969) 
used  an  upward- looking  radiometer  to  compare  attenuation  of  micro- 
wave solar  radiation  with  brightness  temperature  from  the  attenu- 
ating region.  The  agreement  between  attenuation  computed  on  the 
basis  of  microwave  emission  from  the  precipitation  and  that  mea- 
sured for  the  solar  radiation  is  excellent  for  attenuations  less 
than  about  10  db. 

The  accuracy  of  the  calculations  of  attenuation  based  on 
measured  microwave  brightness  depends  on  the  stability  of  the 
model  atmosphere  used.  The  total  emission  is  directly  proportional 
to  total  absorption,  but  emission  from  the  more  distant  parts 
of  the  atmosphere  is  attenuated  itself,  and  the  model  must  take 
this  into  account.  Since  Wilson's  observations  were  in  New  Jersey, 
where  most  attenuation  and  radiation  comes  from  rain,  a different 
model  is  undoubtedly  required  in  the  wet  tropics,  where  dense 
clouds  may  be  a major  source  of  attenuation  and  radiation.  Further- 
more, the  model  should  account  differently  for  absorption  and 
scattering. 

It  might  be  added  that  the  attenuations  found  by  Wilson  (1969) 
were  quite  high  ranging  from  1 to  12  db  compared  to  those  that  were 
obtained  from  Sky lab  S193  measurements . The  microwave  frequencies  were 
16  and  30  gigahertz  for  this  experiment. 

Theoret^c3J|^^|evelo£ment  The  most  direct  application  of  passive 
microwave  temperatures  is  to  measure  them  at  a nadir  angle  near  50°, 
where  sea  surface  roughness  does  not  theoretically  affect  the  value. 

It  is  then  possible,  given  an  independent  measurement  of  the  sea  surface 
temperature  and  salinity,  to  calculate  the  two  way  attenuation  of  the 
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radar  beam.  Thla  »as  done  for  .all  50°  meaaarements  for  SKOAB  2 and  3. 
in  the  tn  twck  nonoontiguons  mode,  It  was  then  possible  to  oalculate  the  ■ 
attenuation  for  the  other  nadir  angles  since  the  attenuation  Is  proportional 
to  the  total  path  length  .and  .can  be  calculated  from  appropriate  ratios 
of  the  secant  of  the  zenith  anglee 

Measurements  by  Holllnger  (1971)  and  theories  developed  by  Bollinger 
(1971),  Stogryn  (1967),  Mu  and  Fung  (1973)  and  Olaassen  et,  al.  (1971) 
made  It  possible  tor  Olaassen*  to  develop  a series  of  computer  sub- 
routines to  calculate  the  attenuation  of  the  radar  given  apparent  micro- 

wave  temperature  measurements  at  a 50°  nadir  angle.  Figure  7.1  shows 

the  results  of  various  theories  for  the  variation  of  the  vertically  polar- 
ised microwave  temperatures  and  the  measurements  of  Holllnger  (1971). 

The  variation  with  wind  speed  near  50°  Is  very  small.  Komen  (1975)  put 
these  programs  Into  final  form,  and  Young  (1975)  applied  them  to  the 

Sky  lab  2 and  3 data. 

Olaassen  also  developed  other  algorithms  for  more  complex  situations 
that  Involve  an  Iterative  technique  at  nadir  angles  different  from  50°. 

AS  Illustrated  In  Figure  7.2,  the  surface  brightness  given  by  the  sea 
surface  temperature  and  wind  speed  was  subtracted  from  the  apparent  tem- 
perature to  yield  an  excess  temperature,  which  then  yielded  an  attenuation 
to  correct  the  backscatter  measurement.  In  principal,  the  new  back- 
scatter  measurement  yielded  a new  wind,  that  In  turn  changed  the  bright- 
ness temperature..  The  new  excess  temperature  could  then  be  used  to  obtain 
a new  attenuation  and  so  on.  Successive  over  estimates  and  under  esti- 
,sates  Should  converge  to  a true  value  for  the  wind  and  the  attenuation. 

The  surface  truth  wind  speeds  and  directions  for  the  Sky  lab  ex- 
periment had  errors  of  such  a magnitude  that  this  degree  of  sophistica- 
tion was  not  possible.  Also,  the  passive  microwave  data  were  not  good 

for  SKYLAB  4. 


unpublished 
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The  situation  becomes  much  simpler  at  nadir  angles  near  50  be- 
both  theory  and  observation  show  as  in  Figure  7.1  that  sea  surface 
roughness  no  longer  enters  into  the  problem  (except  perhaps  for  thick  foam). 
Actually,  a slightly  higher  angle  would  be  better  and  the  curves  suggest 
a small  residual  variation  at  50°.  At  this  angle,  if  the  measured  passive 
microwave  temperature  exceeds  the  amount  radiated  from  the  sea  surface 
at  a given  temperature  and  salinity,  the  excess  is  caused  only  by  the 
atmosphere  (including  clouds  and  rain)  and  can  then  be  used  to  determine 
attenuation. 

The  first  step  is  to  calculate  the  vertically  polarized  brightness 
temperature.  This  is  calculated  from  the  water  temperature  and  the 
emissivity,  which  in  turn  is  calculated  from  Fresnel  theory. 

Thus  according  to  Komen  (1975),  for  example,  for  vertical  polariza- 
tion, 

T =»  € (S0°,  T ) ) 

3V  V ^ v»  / \ w / 

and 

(Q.T  ) “ 1-1  R > i 

Xy  N W / V W 

and  II- — 

^ ^r  ("^w  ) cose  -^r  ('^w  ) “ sin"  8 


(7.2) 

(7.3) 


(7.4) 


8.36  GHz  VERTICAL  POLARIZATION 
€r  = 54 -j  38.5 

+ Hollinger|s  Data  lO.I  knots 
O Hoiringers  Data  24.6  knots 
Composite  Theory  m*0.09 
k<r,  *0.15  kt  = 2.0 

Composite  Theory  m =0.12 

k€T,  =0.17  kt  = 2.0 
— — Stogryn's  Theory  m = 0.09 
*Stogryn*s  Theory  m = O.I2. 
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INCIDENT  ANGLE  (DEGREES) 


FIGURE  7.1  THE  VARIATION  OF  BRIGHTNESS 
TEMPERATURE  WITH  INCIDENT  ANGLE  FOR 
TWO  DIFFERENT  THEORIES  AND  DATA  FOR 
TWO  DIFFERENT  WIND  SPEEDS. 
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FIGURE  7.2  ALGORITHM  FOR  USING  SCATTEROMETER  AND  RADIOMETER 
TOGETHER  TO  COMPENSATE  FOR  CLOUD /RAIN  ATTENUATION 
AND  PRODUCE  IMPROVED  WIND -SPEED  ESTIMATE. 


The  notation,  e (T  ),  represents  the  complex  relative  dielec- 

1C 

trie  constant  of  sea  water  of  temperature,  T^,  and  salinity,  S. 
Climatological  values  for  salinity,  which  does  not  vary  much  over  the 
ocean  (in  this  context),  are  sufficient.  Given  the  sea  surface  tem- 
perature as  provided  by  our  NOAA.  colleagues  at  each  cell,  the  value 
of  could  be  found. 

The  measured  microwave  temperatures  could  exceed  this  value  as 
in  equation  (7.5) 


T tt  “ t,  " 

ex  V app  V BV 


(7.5) 


which  defines  the  excess  temperature. 

The  excess  temperature  is  caused  by  the  same  effects  that  cause 
attenuation.  The  next  step  is  to  compute  the  theoretical  values  of 
excess  temperature  and  electromagnetic  wave  attenuation  so  as  to 
establish  a relationship  between  the  two. 

Examples  of  such  calculations  are  shown  in  Figure  7.3  for  various 
model  atmospheres  and  for  atmospheres  measured  near  various  passes  for 
Skylab  2 and  3 as  determined  from  NIMBUS  VTPR  soundings.  The  theory 
of  these  calculations  and  the  various  conq>uter  programs  involved  are 
given  by  Komen  (1975) . 

These  curves  yield  a relationship  between  the  excess  tempera- 
ture and  the  attenuation  in  db  as  given  by  equation  (7.6)  where 
OL  (50°)  is  given  in  decibels. 


a (50°)  = 1.79  X 10“^  (T  „)  - 5.56  x lO"^ 

ex  V 


V>'  * V>' 
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(7.6) 


TWO-WAY  ATTENUATION  IN  db 
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FIGURE  7.3  THEORETICAL  VALUES  OF  TWO-WAY  ATTENUATION 

VERSUS  EXCESS  TEMPERATURE 
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It  was  also  possible  to  relate  the  horizontally  polarized  excess 
temperature  to  the  vertical  excess  temperature  so  as  to  check  for 
internal  consistency  as  in  eqiiatlon  (7.7). 


T = 1.531(1  ) + 4.47  X 10’^(T  )^  - 8 x 10‘^(T 

ex  H ex  V ®2C  V ex  v 


The  correction  to  the  radar  backscatter  measurement  for  the  at* 
tenuation  calculated  from  equation  (7.6)  is  given  by  equation  (7.8). 


^c(db)  “ ^ (db)  ‘‘‘  “ (db) 

Once  the  attenuation  at  50°  is  known,  as  a (50°),  the  attenua- 
tion at  other  nadir  angles  can  be  found  for  the  same  area  of  the  ocean 
as  scanned  by  the  in  track  noncontiguous  mode  as  in  equation  (7.9). 


a (0)  = 


sec50 


The  attenuation  at  30°  and  40°  is  therefore  less  than  that  at  50°. 

Attenuation  results  for  SKYLAB  2 and  3 The  attenuation  for 
each  50°  nadir  angle  passive  measurement  during  SKYLAB  2 and  3 was 
calculated.  The  results  are  given  in  Table  7.1.  The  minimum  calcu- 
lated value  was  0.07  db  j^DOY  252-1  Scan  2.lJ  and  the  maximum  was 
0,62  I^DOY  157-1  Scan  9.lJ  in  AVA.  A histogram  of  the  number  of  times 
each  attenuation  value  occurred  is  given  in  Figure  lA  where  0,07 
and  0.08  form  one  group,  0.09  and  0.10  the  next,  0.11  and  0.12 
the  next,  and  so  on.  The  average  of  the  attenuation  values  (averaged 
as  db),  was  0.20  db. 
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TABI.E  7. 

1* 

ATTENUATION 

VALUES  AT 

50®  NADIR  ANGLE  IN 

DB  FOR  SKYLAB  2 and  3 

(TWO  WAY) 

DOY 

156-1  , 

---- 

ScanNa 

2.  1 

3.  1 

4.  1 

5.  1 

6.  1 

7.  1 

8.  1 

19.  1 

20.  1 

21.  1 

22.  1 

OS’ 

as 

At  ten. 

0.18 

0.18 

0.20 

0.20 

0.15 

0.15 

0.16 

0.25 

0.23 

0.24 

0.24 

DOY 

157-1 

Scan  No. 

1.  1 

2.  1 

3.  1 

4.  1 

5.  1 

6.  1 

7.  1 

8.  1 

9.  1 

11.  1 

Atten, 

0.14 

0.18 

0.23 

0.27 

0.27 

0.32 

0.31 

0.61 

0.62 

0.48 

s| 

DOY 

162-1 

Scan  No. 

3.  1 

4.  1 

5.  1 

6.  1 

7.  1 

8.  1 

10.  1 

11.  1 

12.  1 

13.  1 

14.  1 

Atten. 

0.59 

0.36 

0.26 

O.IS 

0.15 

0.15 

0.13 

0.12 

0.14 

0.12 

0.10 

H 

DOY 

216-1 

Scan  No. 

3.  1 

5.  1 

7.  1 

9.  1 

11.  1 

13.  1 

14.  1 

15.  1 

Atten. 

0,24 

0.43 

0.20 

0.17 

0.18 

0.17 

0.18 

0.20 

DOY 

216-2 

Scan  No. 

2.  1 

3.  1 

4,  1 

5.  1 

6.  1 

7.  1 

8.  1 

9.  1 

10.  1 

Atten. 

0.12 

0.17 

0.11 

0.12 

0.10 

0.11 

0.15 

0.19 

0.49 

DOY 

220-1 

Scan  No. 

2.  1 

3.  1 

4.  1 

5.  1 

6.  1 

7.  1 

8.  1 

9.  1 

10.  1 

11.  1 

12.  1 

13.  1 

Atten. 

0.21 

0.31 

0.17 

0.16 

0.18 

0.12 

0.15 

0.14 

0.20 

0.15 

0.18 

0.17 

DOY 

220-2 

Scan  No. 

2.  1 

3.  1 

4.  1 

5.  1 

6.  1 

7.  1 

8.  1 

9.  1 

10.  1 

11.  1 

12.  1 

Atten. 

0.09 

0.12 

0.12 

0.10 

0.10 

0.12 

0.09 

0.15 

0.17 

0.19 

0.39 

^The  DOY  247-1  data  for  the  two  largest  nadir  angles  failed  to  pass  the  screening  test  Imposed  by  Young  (1975) 
as  described  in  Chapter  8 so  that  these  attenuation  values  were  not  used  to  correct  the  backscatter  measure- 
ments. They  are  not  included  in  the  discussion,  and  the  19  values  tabulated  are  not  in  the  histogram  given 
in  Figure  7.4.  The  mean  would  change  from  0.20  to  0.21  if  these  values  were  included.  Note  the  high  at- 
tenuation at  Scan  No.  16.1. 
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TABLE  7.1  ATTENUATION  VALUES  AT  50°  NADIR  ANGLE  IN  DB  FOR  SKYLAB  2 AND  3 (TWO  WAY)  (Cont'd.) 


DOY 

245-2 

Scan  No.  3.1 

4.  1 

5.  1 

6.  1 

7.  1 

8.  1 

Atten.  0.24 

0.29 

0.18 

0.22 

0.24 

0.22 

16.  1 

17.  1 

18.  1 

19.  1 

20.  1 

- : — ^ 

0.17 

0.22 

0.17 

0.18 

0.16 

DOY 

247-1 

Scan  No.  9.  1 

10.  1 

11.  1 

13.  1 

14.  1 

15.  1 

Atten.  0.22 

0.22 

0.25 

0.31 

0.29 

0.30 

23.  1 

24.  1 

25.  1 

26.  1 

27.  1 

0.23 

0.21 

0.23 

0.20 

0.21 

DOY 

252-1 

Scan  No.  2.  1 

3.  1 

4.  1 

5.  1 

6.  1 

7.  1 

Atten.  0.07 

0.11 

0.14 

0.13 

0.11 

0.11 

15.  1 

16.  1 

17.  1 

18.  1 

19.  1 

0.19 

0.13 

0.14 

0.16 

0.12 

28.  1 

29.  1 

30.  1 

31.  1 

32.  1 

0.30 

0.21 

0.22 

0.18 

0.14 

9.  1 
0.27 

10.  1 
0.28 

11.  1 
0.30 

13.  1 
0.23 

14.  1 
0.20 

15.  1 
0.19 

16.  1 
0.76 

17.  1 
0.31 

18.  1 
0.26 

19.  1 
0.24 

21.  1 
0.23 

22.  1 
0.23 

28.  1 
0.20 

29.  1 
0.19 

8.  1 
0.11 

10.  1 
0.19 

11.  1 
0.15 

12.  1 
0.11 

13.  1 
0.09 

14.  1 
0.14 

20.  1 
0.09 

21.  1 
0.12 

22.  1 
0.13 

23.  1 
0.14 

24.  1 
0.19 

27.  1 
0.45 

33.  1 

0.21 
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TWO-WAY  ATTENUATION  (db) 

FIGURE  7.4  HISTOGRAM  OF  TWO-WAY  ATTENUATION  VALUES  IN  db 

AT  50“  NADIR  ANGLE  FOR  SKYLA8  2 AND  3.  (1 18  VALUES) 
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The  range  of  values  for  a°  at  50°  nadir  angle  was  43  db. 

vv 

and  so  these  small  increases  to  correct  for  attenuation  had  a very 
small  effect  on  the  analysis.  It  is  clear  that  not  correcting  for 
attenuation  at  nadir  angles  other  than  50°  for  the  cross  track  mode 
would  not  have  too  serious  an  effect  in  atten^Jts  to  relate  wind  speed 
to  backs catter. 

These  results  also  explain,  in  part,  why  the  use  of  backscatter 
datd  alone  for  SKYLAB  4 was  possible*  Effectively  the  average  value 
of  the  attenuation  can  be  thought  to  reduce  the  backscatter  values 
by  about  0.2  db.  The  return  from  clear  areas  might  then  be  0,1  db 
stronger  than  this  reduced  value  and  the  return  from  cloudy  areas 
from  0*2  to  0,4  db  weaker.  The  net  result  would  be  to  introduce  an 
additional  small  error  component  in  the  wind  determined  from  the 
radar  measurement. 

Elimination  of  Areas  of  Heavy  Rain  Very  high  excess  tempera- 
tures indicate  high  attenuation  values  that  can  be  caused  only  by 
large  water  drops  as  in  heavy  rain.  Under  these  conditions  the  volume 
backscatter  from  the  rain  may  be  larger  than  the  attenuated  backscatter 
from  the  sea  surface  for  the  co-»polarized  return.  High  values  of  the 
passive  microwave  temperatures  were  used  to  locate  those  cells  where 
effects  would  prohibit  the  use  of  the  backscatter  data  to  calculate 
wind  speed.  These  high  values  occurred  only  in  Hurricane  AVA  and  in 
Tropical  Storm  Christine. 

Graphs  of  the  vertically  polarized  and  horizontally  polarized 
passive  microwave  temperatures  for  50°  and  44°  nadir  angles  are  shown 
Hurricane  AVA  in  Figure  7.5.  The  calculated  attenuations  from 
Table  7.1  are  shown  immediately  above  the  appropriate  value  of  T 
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for  the  50°  nadir  angle.  The  value  of  jumped  to  238.5°  K at  scan 

10  compared  to  193.3°  K at  scan  9.  From  Figure  7.3,  the  excess  tem- 
perature at  scan  9 was  about  28°  K so  that  the  excess  temperature  at 
scan  10  was  about  73°.  This  yields  an  attenuation  of  about  2.7  db 
at  scan  10.  This  attenuation  is  substantial  and  indicates  that  the 
measured  backscatter  probably  did  not  come  from  the  sea  surface. 
Therefore  the  values  for  the  backscatter  at  50°  scan  10  were  not 
used  to  find  the  wind  speed.  The  values  for  the  attenuation  are  quite 
reasonable  and  increase  toward  the  eye  of  AVA  as  the  clouds  thicken. 
The  sharp  jump  at  scan  10  probably  corresponds  to  a rain  band. 

For  scans  12 , 13 , and  14 , the  pitch  of  the  spacecraft  put  the 
backscatter  signals  outside  of  the  doppler  pass  band.  These  data 
also  could  not  be  used  in  the  final  analysis. 

For  a nadir  angle  of  44°  in  Hurricane  AVA,  the  passive  tem- 
perature suggests  possible  attenuation  effects.  However,  no  "hot 
spots"  are  evident  so  that  scane  1 through  9 were  used.  Scans  10 
through  14  had  to  be  discarded  for  the  same  reasons  as  scan  12  to 
14  at  50°  nadir  angle. 

Similar  graphs  for  Tropical  Storm  Christine  and  shown  in  Fig- 
ures 7.6  and  7.7  for  50°,  42°  and  31°  nadir  angles.  For  scan  num- 
ber 12  at  50° , the  backscatter  values  were  not  used  by  Young  (1975) . 
However,  a similar  calculation  as  the  one  above  shows  that  the  at- 
tenuation was  only  about  0.6  db  so  that  they  might  have  been  used. 
Clearly,  the  increases  for  scan  13  at  42°  and  for  scans  10  and  12  at 
31°  require  that  these  backscatter  values  be  eliminated. 
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SCAN  NUMBER 

FIGURE  7.6  GRAPHS  OF  THE  VALUES  OF  THE  VERTICALLY  AND  HORIZONTALLY  POLARIZED  PASSIVE 
MICROWAVE  TEMPERATURES  AT  50®  AND  42®  FOR  TROPICAL  STORM  CHRISTINE.  VALUES 
FOR  THE  COMPUTED  ATTENUATION  ARE  SHOWN  IMMEDIATELY  ABOVE  EACH  VALUE  OF  T 
FOR  60®.  V 
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SCAN  NUMBER 

FIGURE  7.7  GRAPH  OF  THE  VALUES  OF  THE  VERTICALLY  AND  HORIZONTALLY  POLARIZED  PASSIVE 
MICROWAVE  TEMPERATURES  AT  31®  NADIR  ANGLE  FOR  TROPICAL  STORM  CHRISTINE. 


CHAPTER  8 THE  MEASUREMENT  OF  WINDS  BY  MEANS  OF  A RADAR  ON  A SPACECRAFT 
INTRODUCTION 

All  that  precedes  is  prelude.  It  might  all  have  been  put  into 
one  chapter  entitled  "Introduction".  The  actual  page  length  of 
Chapters  2 through  7 is  not  an  indication  of  the  length  of  time  re- 
quired to  accomplish  the  various  stages  of  this  investigation.  Getting 
the  data  into  the  form  described  in  Chapter  5 was  the  pacing  item. 

The  theories  and  procedurej  could  be  carried  along  in  parallel,  but 
the  lengthy  task  of  producing  the  data  given  in  Appendix  A was  a very 
difficult  part  of  the  program.  The  results  of  all  of  the  previous 
chapters  is  almost  to  have  ready  sets  of  number  triplets  of  the  form, 

, in  which  U^  is  the  meteorologically  determined  wind  speed 

at  a cell  scanned  by  S193,  X Is  the  wind  direction  relative  to  the 

m 

poxntxng  direction  of  the  radar  beam,  and  (j^  is  a backscatter  measure- 
ment at  one  of  five  nadir  angles  and  one  of  four  different  polariza- 
tions, The  value  of  is  a meteorologically  determined  variable 
given  the  geometry  of  the  orbit  and  the  position  of  the  antenna. 

To  show  that  winds  can  be  measured  from  a spacecraft,  it  is  nec- 
essary to  show  that  the  values  of  (7°  contain  information  on  wind  speed, 

given  the  wind  direction,  as  in  U = U (X  ,cr°),  such  that  U pre- 

r r m r 

diets  the  meteorological  wind,  U^,  with  the  accuracy  to  be  expected, 
given  the  difficulti.es  in  specifying  the  winds  as  discussed  in  Chap- 
ter 4.  Since  both  the  meteorologically  determined  wind  speed  and 
direction  can  have  errors,  it  is  also  necessary  to  investigate  the 
contributxons  to  the  difference  between  the  radar  wind  and  the 
meteorological  wind  caused  by  errors  in  the  wind  direction. 

Six  different  techniques  were  used  to  investigate  the  interre- 
lationships between  the  radar  wind  and  the  meteorological  wind.  Two 
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are  described  in  greater  detail  by  Young  (1975)  in  Appendix  D of 
this  report,  and  three  others  are  described  here,  l^e  techni^ 

Young  (1975)  are  also  described  in  this  chapter  and  are  contrasted 
with  the  Other  two  techniques  that  were  used. 

Also,  Young  (1975)  obtained  relationships  for  the  power  law  de*? 
pendence  of  Ct°  on  wind  speed,  which  is  the  inverse  problem  as  far 
as  a regression  analysis  is  concerned.  Before  discussing  the  vari- 
ous regression  techniques  that  were  used,  a general  discussion  of 
regression  techniques  is  required  to  set  the  stage  for  the  techniques 
that  were  actually  used. 

There  was  one  last  step  of  straight  data  correction  required 
before  the  analysis  could  proceed.  Because  of  various  problems,  the 
nadir  angles  for  the  five  command  angles  were  not  always  the  same. 

So  that  larger  sets  of  data  for  each  nominal  nadir  angle  could  be 
studied  as  a unit,  it  was  necessary  to  remove  the  small  changes  in 
backscatter  expected  because  of  the  departure  of  the  nadir  angles 
from  their  nominal  values.  Once  this  was  accomplished,  the  data  sets 
could  be  studied  by  numerous  methods  to  determine  wind  and  back- 
scatter interdependencies . 

In  summary,  this  chapter  will  first  discuss  the  small  correc- 
tions required  to  get  all  the  nadir  angles  to  five  nominal  values. 
This  will  be  followed  by  a general  discussion  of  curve  fitting  and 
regression  techniques.  Then  the  results  of  Young  (1975)  will  be 
summarized.  His  suggestion  of  a withheld  weather  ship  analysis  as 
described  in  Chapter  4 has  already  had  a profound  effect  on  the  final 
interpretation  of  the  results.  Then  various  efforts  to  eliminate 
some  of  the  deficiencies  in  most  regression  technique  will  be  de- 
scribed, and  ways  to  determine  the  effects  of  wind  direction  errors 
will  be  derived  and  applied.  Finally  the  results  will  be  stratified 


according  to  datn  quality  and  mathod  of  analysis  and  tha  conclusions 
on  the  validity  of  a radar  systam  on  a spacecraft  for  measuring  the 
winds  over  the  ocean  will  be  presented. 

CORRECTIONS  TO  NOMINAL  NADIR  (OR  INCIDENT)  ANGLES  FOR  ALL  OF  THE  DATA 

Young  (1975)  developed  a set  of  formulas  to  correct  the  back- 
scatter  values  to  the  nominal  values  of  1° , 17° , 32° , 43° , and  50° 
for  all  measurements.  The  corrections,  in  general,  were  quite  small 
and  done  in  such  a way  that  if  the  actual  nadir  angle  exceeded  the 
nominal  angle  the  correction  was  positive,  and  conversely.  The  tech- 
nique, quoting  Young  (1975),  with  the  notation  and  table  numbers 
changed  to  conform  to  this  report  is  described  below. 

"The  S-193  noncontiguous  data  were  taken  at  five  command  angle 
numbers  having  nominal  Incident  angles  of  1° , 17° , 32° , and  50°  for 
SL2  and  3 and  for  part  of  SL-4.  During  most  of  SL-4  the  incident 
angles  deviated  substantially  from  the  1°  and  17°  values  for  the 
right-side  scans  and  remained  near  nadir  for  left-side  scan.  Table  3,2 
gives  a summary  of  the  typical  incident  angles  for  each  command  angle 
within  a particular  data  segment  or  for  one  side  of  a left/ right  data 
segment. 

"Measurement  fluctuations  caused  by  incident  angle  variations 
were  removed  from  the  backscatter  data  by  using  Fung  and  Chan's  (1975a) 
theoretical  model.  For  each  polarization,  pq,  and  command  angle  num- 
ber, j,  a linear  incident  angle  correction  function 

-B-  pqj 

estimated  where 

> 9)  (8.1) 
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and  0.  = 50°,  43°,  32°,  17°,  and  1°  for  j = 1 through  5 respectively. 
The  wind  speed  dependent  partial  of  respect  to  incident 

angle  cam  be  approximated  by  equation  (8.2). 


9 cr°__  (Ui9) 

pq 

a 9 


= a . + b . log_  U 

pqj  pqj  10 


The  values  of  a and  b . used  to  correct  the  backscatter  data  are 

pqj  pqi 

given  in  Table  8.1,  for  U in  meters  per  second. 

"The  incident  angle  correction  was  only  used  for  | 0^  - 9 \ ^ 2° 
Data  measured  further  than  2°  from  the  nominal  incident  angles  were 
not  included  in  the  regression  analysis  because  of  decreased  accuracy 
of  the  correction  for  large  incident  angle  variations." 

Some  examples  of  these  corrections  are  given  in  Table  8.2  for 
Tropical  Storm  Christine  on  DOY-245-2  (9/2/73) . Data  for  the  first 
ten  measurements  have  vanished  because  of  the  effects  of  the  data 
flags  shown  on  page  A21  of  the  appendix.  The  entries  in  Table  8.2 
should  be  compared  with  the  uncorrected  data  in  the  table  on  page 
A21. 


(8.2) 


For  scan  number  3.1,  the  nadir  (or  incident)  angle  was  49.6 
The  backscatter  values  tabulated  on  page  A21  were  corrected  to  a 
50°  nadir  angle  by  adding  the  (negative)  values  in  db  given  in 
coliimns  5 through  8 of  Table  8,2  to  the  values  in  A21*  Scan  nximber 
4.2  had  a nadir  angle  of  42°  which  was  corrected  to  43°  by  adding 
-0,33,  -0,63,  -0,24  and  -0,24  to  the  corresponding  backscatter 
values,  (In  a sense,  the  spacecraft  is  moved  and  not  the  cell  being 
scanned). 
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TABLE  8.2  OOV  149-2»  9/  2/73  CTNC*L'.'  TROPICAL  STORH  ChR|ST!ME  (VERf  lON  N3) 


tCAN  CORRECTED  SCAT  COEpriClENTS 

NUNR  VV  hH  VH  hV 

iDB)  IDB)  (OBi  (DB> 

INCID  ANGLE  CORRECTION. 
VV  HH  VH  Hv 

(DB)  (D8)  (DB)  (DB) 

ASRECT  ANGLE 
VV  HH 

IDI)  (DBt 

CORRECTIONS 
VH  HV 

(CB)  (OB) 

attbn 

(Db> 

t.h 

(DEG) 

l:l 

S.l 

1 -32'.14 

( 

1 

-33.32 

1.36,76 

•38.42 

-o.u 

-0,24 

•Olio 

•0,10 

0.*4 

0.47 

0.32 

0.32 

0,24 

83'.14 

1 io.ei 
*4.13 

-1.35 

13.55 

•16.38 

-3.18 

-16.25 

-3.54 

-o;47 

•0.03 

-0  f 46 
•0.03 

4.i 

J:| 

4.1 

4.1 

-*5.95 
-ie.i4 
-15. li 
0.32 

-23.91 

-29.62 

-18,55 

0.09 

13.20 

•32,77 

-35,61 

-33.46 

-14.75 

-3,64 

•34,59 

-4i,7S 

•37.23 

•19.38 

•4.17 

•Oill 

-0.33 

-o;37 

•O952 

•o;24 
•Of  63 
• 0,93 
•0.91 

-o;o2 

cO.iO 

•0.24 

1O.22 

-0,10 

•0,24 

•o;*2 

1,16 

0.35 

0. 

1,38 

0.57 

0. 

2,  or 

0.40 

0. 

2,07 

0,40 

0. 

0.29 

82l74 

9.4 

9.1 

l:i 

-2A.83 

-23,69 

-*3,38 

-0.28 

13.09 

-31,73 

-24,75 

-49,28 

-0.53 

12.61 

•34,21 
•32,00 
•35, 4f 
-15.41 
-4,ll 

-35.11 

-26,87 

•46,63 

■45.93 

-4,15 

-O9II 

-o;3i 

-0.36 

-0.43 

-0,01 

•0125 
• o;96 
-0991 
•o;4a 

•0,01 

•0,10 

•0.22 

•0.21 

•0,10 

•0,22 

•0,tl 

2,01 

1,18 

0. 

2.49 

1.46 

0, 

3.68 

1,97 

0. 

3,68 

1.97 

0. 

0,18 

86:97 

t:i 

A.f 

VA 

-21.69 
-*3.71 
-10. 00 
-1.23 
*4.00 

-26.33 

-*7.71 

-20.13 

•1.69 

14.01 

-32,18 

•36,24 

•35,27 

-16,38 

-3.05 

-30,35^ 

-36.80 

-35.27 

•16.45 

-3,54 

-OtlO 

-o;3o 

-0.33 

-0,48 

*0«02 

-0.23 

-0.97 

•0.46 

-0,47 

•0.02 

•0.09 

?0.21 

•0,20 

• 0,09 
•0.21 

•0,»0 

2.12 

1.P7 

0.11 

2.51 

1.24 

0.13 

3«94 

1.91 

0.18 

3|94 

li91 

0,18 

0.22 

65;.3 

ill 

7.4 

7.i 

-19 '.52 
-17,98 
-|3,2i 
"to. 32 

-22.17 

-22.03 

-15,23 

•0.78 

13.54 

-29.84 
•34 . s3 
-29.16 
•15.53 
-3,41 

-30,39 

-31,70 

-28,63 

-19,74 

-3,66 

-0,11 

-0.30 

-0.29 

-0.41 

•0f24 

io.97 

•0,42 

ro;4o 

-0,01 

• 0,09 

• 0,21 
•0,17 

•0,09 

-0,21 

•0,17 

1,62 

0,42 

0.80 

1.85 

0.48 

0.06 

3,05 

0.78 

O.Ol 

3,09 

0,70 

o;oi 

0,24 

061 03 

»,i 

B.2 

B.l 

..4 

B.l 

-16,21 

-15.24 

-12.56 

0.24 

12.90 

-21,33 

-17,90 

-13.81 

•O.lO 

<3.21 

•20 . oO 
•27,80 
-28.51 
-15.09 
•4.0* 

-26,68 

-29.50 

-28.01 

-15,38 

-4,09 

-OiOa 

-0.26 

-0.27 

-o;45 

-0.01 

ro?l9 
?0.5l 
•08  40 
?0’.45 
•0.01 

•0,07 
• 0,19 
•0.16 

•0,07 

•0,19 

•0,16 

1.54 

0,14 

0.08 

1.71 

o.i9 

O.OB 

2.94 

0,27 

0.19 

2;94 

0|27 

0,19 

0.22 

•^•14 

iO/29/79 
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Table  8.1  Coefficients  for  Incident  angle  correction 
of  backscatter  measurements  for  wind  speeds  between 

2 and  30  m/sec. 


!lJ5 

Com^,.^gle 

9 

j 

“pqj 

b . 
pqj 

1 

50 

-0.3351 

0.0817 

2 

43 

-0.4235 

0.1362 

VV 

3 

32 

-0.4657 

0.2016 

4 

17 

-1.1466 

0.1416 

5 

1 

-0.1549 

0.0917 

1 

50 

-0.7216 

0.1471 

2 

43 

-0.7892 

0.2343 

HH 

3 

32 

-0.6609 

0.2615 

4 

17 

-1.1241 

0.1244 

5 

1 

-0.1555 

0.0917 

1 

50 

-0.3112 

0.0946 

HV  or 

2 

43 

-0.3040 

0.1015 

VH 

3 

32 

-0.2771 

0.1207 

2IS 


The  largest  correction  in  this  table  for  nadir  angle  effects 
is  ^0»63  db.  All  but  9 of  the  86  cojrrections  shown  are  under 
0.50  db  and  54  are  under  0.25  db.  The  measured  values  for  (7° 

HH 

varied  by  13  db  for  scans  4.2  to  8.2  so  that  these  corrections 
are  a small  part  of  the  total  range  of  the  signal.  A review  of  all 
of  the  corrections  for  nadir  angle  effects  made  in  the  entire  analysis 
shows  that  the  largest  single  value  was  -1.16  db  for  HH  on  DOY  338-1 
scan  number  2.1  and  that  about  70%  were  between  -0.25  and  +0.25  db. 

The  columns  labeled  "aspect  angle  correction"  are  particular 
to  the  studies  by  Young  (1975)  and  will  be  discussed  later.  The 
attenuation  values  were  discussed  and  tabulated  in  Chapter  7. 

GENERAL  DISCUSSION  OF  CURVE  FITTING  AND  REGRESSION  TECHNIQUES 

Principles  It  would  be  wonderful  if  the  theories  relating 
wave  spectra,  the  winds,  and  backscatter  measurements  to  each  other 
were  complete  and  perfect  so  that  the  theory  could  be  used  to  compute 
the  wind  speed  given  a backscatter  measurement  and  a wind  direction. 
Despite  the  tremendous  advances  over  the  past  few  years  in  under-  ; 
standing  the  problem,  as  described  in  Chapter  6,  there  are  gaps  in 
the  theory  with  reference  to  the  full  anisotropic  properties  of  the 
capillary  wave  spectrum  and  to  the  details  of  the  slope  distribution 
that  defines  the  tilting  mechanism.  The  spectrum  proposed  by 
Pierson  (1975)  will  undoubtedly  be  superseded  as  better  data  became 
available.  The  progress  to  dete  does  provide  a rational  for  and 
an  explanation  of  the  large  variations  of  backscatter  as  a function 
of  wind  speed  and  of  the  variation  of  backscatter  with  aspect  angle. 

In  a few  more  years,  it  may  be  possible  to  close  the  gap,  determine 
the  larger  scale  slopes,  and  z , that  enter  into  the  tilt  theory, 
and  compute  backscatter  for  any  nadir  angle,  wind  speed,  and  slope 
spectrum  from  first  principles. 
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with  this  in  mind,  it  was  necessary  to  use  less  sophisticated 
methods  to  determine  the  relationship  between  the  number  triplets, 

(U»  X>  different  polarizations  and  nadir  angles.  The 

goal  of  the  program  is  to  obtain  winds  from  radar  measurements  and 
not  radar  measurements  from  winds.  Once  the  attempt  to  u:ie  pure 
theory  is  abandoned,  many  possible  techniques  for  obtaining  a pre- 
diction of  the  wind  from  the  radar  measurement  became  available. 

These  techniques  fall  into  the  general  category  of  multiple  re- 
gression techniques  of  various  degrees  of  complexity  and  ingenuity. 

They  all  have  several  things  in  common.  One  is  that  they  try  to 
minimize  the  sums  of  the  squares  of  the  differences  between  the 
values  given  by  the  "predictor”  parameters  (a°  and  this  case) 

and  the  "predictand"  which  is  the  wind  speed.  Another  is  that  they 
start  by  assuming  a functional  relationship  between  the  "predictor" 
parameters  and  the  quantity  to  be  predicted.  When  all  of  the  para- 
meters in  the  set  have  errors,  the  choice  of  the  proper  function  is 
often  masked,  and  perhaps  the  greatest  danger  is  the  use  of  such 
techniques  lies  in  having  a preconceived  notion  of  the  appropriate 
function  to  be  used.  The  data  can  often  serve  as  a guide  to  the  besb. 
functional  form  to  be  used. 

Although  the  sums  of  the  squares  of  the  predicted  and  observed 
values  will  be  a minimum  for  the  particular  functional  form  that  was 
chosen,  and  although  the  bias  over  all  values  typically  averages  to 
zero,  such  curve  fitting  procedures  frequently  have  biases  over  more 
restricted  ranges  of  the  data.  For  example  in  their  application 
here,  the  radar  predicted  wind  may  be  consistently  high  for  low  winds 
and  consistently  low  for  high  winds. 

A very  simple  example  can  be  considered.  Suppose  that 

.2 

y » X + X (8.3) 
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is  the  true  equation  relating  y to  x over  the  range,  0 < k < 1. 

Also  suppose  that  one  insists  that  the  data  be  fitted  by  a straight 

line  of  the  form 

y*  = b^  + bj^  X (8.4) 

The  requirement  that 


r 2 ^ 

\ (x  + X " ^0  ” ^1 

yields,  on  setting  the  two  part ia Is  with  respect  to  b^  and  b^^ 
equal  to  zero,  the  result  cnac 

y=-i.+  2x 

which  is  the  best  least  square  prediction  of  y given  the  assumed 
form  of  y*.  Scatter  in  the  basic  data  only  obscures  the  fact  that 
the  best  fimction  was  not  chosen  to  start  with. 

The  integral  of  y - y over  0 to  1 is  zero  as  in  equation 

(8.7). 


(8.5) 


(8.6) 


^ (x  + x^  - 2x  + -)  dx  » I - I + ^ 1 =0  (8.7) 

•Jq  0 

However,  the  straight  line  underpredicts  y for  low  values  of  x, 
overpredicts  it  for  the  middle  range,  and  underpredicts  it  again  for 
High  values  of  x as  shown  in  Figure  8.1.  Much  the  same  kinds  of 
problems  arise  if  too  simple  an  assumption  is  made  about  the  functional 
relationship  between  U,  X and  in  this  particular  problem. 
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the  scatter  of  plots  of  backscatter  versus  wind  speed. 
One  of  the  corollaries  to  the  legendary  laws  attributed  to  a scientist 
named  Murphy  as  applied  in  meteorology  and  oceanography  is  the  maxim; 
"If  the  data  scatter,  plot  them  on  semilog  scales,  and  if  they  still 
scatter,  plot  them  on  double  log  scales."  This  maxim  is  believed  to 
produce  scatter  diagrams  and  groups  of  points  that  more  clearly  de- 
lineate power  law  relationships  and  to  cluster  the  points  into  more 
easily  discernable  patterns.  Like  all  such  beliefs,  exceptions  occur, 
and  the  purpose  of  this  section  is  to  illustrate  the  problems  that 
arise  in  the  study  of  radar  backscatter  versus  wind  speed  when  semi- 
log plots  and  double  log  plots  are  employed.  Two  alteroatives  are 
given  for  the  more  realistic  interpretation  of  the  data  from  S193. 

It  is  almost  a tradition  that  measurements  of  the  normalized 
radar  backscattering  cross  section  be  given  in  terms  of  decibels.  If 
the  variation  of  or°  for  a given  polarization  combination  as  a function 
of  nadir  angle  as  that  angle  varies  from  zero  to  80°  is  being  graphed 
then  decibels  are  the  logical  unit  to  use  because  the  values  can  span 
50  db,  or  more. 

In  the  study  of  the  variation  i f backscatter  versus  wind  speed 
at  a given  nadir  angle,  a°,  for  a given  polarization,  appears  to 
increase  by  only  about  20  db  as  the  wind  varies  from  about  5 knots 
to  50  knots.  It  is,  therefore,  not  prohibitively  difficult  to 
plot  cr°  against  wind  speed  on  linear  scales. 

The  decibel  unit  evolved  from  scientific  notation  via  the  bel  to 
the  decibel  as  a convenient  measure  of  gain  and  loss  in  communication 
systems.  Its  use  in  the  study  of  backscatter  data  in  general,  and 
S193  data  in  particular,  needs  to  be  questioned.  A 3 db  error  in 
the  prediction  of  radar  backscattering  cross  section,  given  the  wind 
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speed  exactly,  does  not  seem  like  much  of  an  error. 

^ 4 4=,.om  bels  to  decibels  is  not  much  of  an 

Che  deci^l  point  in  .0  n f r»  heU 

advantage  »hen  measurements  S 

Homever.  given  an  exact  upwind  measurement  of  a . a 

speed  (With  aero  db  egual  to  1 knot)  for  a wind  of  40  knots  rs  not 

experiment  was  designed  without  a full  awareness  of  the 

" f Wind  direction  on  the  values  of  hackscatter  so  that  midway 

^ , after  the  data  were  taken,  it  was  necessary  to 

through  the  experiment. 

devise  a strategy  to  remove,  or  to  treat,  the  v 

s problem  wil.l  be  treated  in  detail  later  on  in  this  --- 

por  purposes  of  illustration,  assume  a nadir  angle  and  a polariea 
tion  that  yields  the  relationship  between  backscatter  and  wind  speed 
given  in  Equation  8.8  for  measurements  that  are  all  upw  n . 

a°db“  ^°®10  ^ 

An  equally  valid  equation  is  then  Equation  8e9 


(8.8) 


(jO  « 2.5  X lO"^ 


(8.9) 


Also  assume,  for  purposes  of  illustration,  either  that  a o 

of  measurement  lies  in  the  wind  speed  and  not  the  backscatter  or 

all  of  the  error  lies  in  the  backscatter  measurement  and  not  the  .a. 

Figure  8.2  shows  a°  in  db  versus  wind  speed  on  a linear  scale. 

FAS  ..true"  relationship  IS  graphed.  Errors  of  ± 4 knots  and  ± 
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due  entirely  to  the  winds  can  be  shown  by  simply  displacing  the  "true" 
curve  an  appropriate  distance  to  the  left  or  right. 

If  the  errors  in  the  magnitudes  of  the  winds  scatter  so  that  65% 
of  them  are  within  ± 4 knots,  907,  are  within  i 8 knots  and  107,  are 
outside  this  range,  then  detecting  the  true  curve  within  the  scatter 
would  be  most  difficult.  Conversely  backscatter  errors  of  ± 3 db 
would  totally  mask  the  dependence  of  wind  on  backscatter  above  20  m/s 
whereas  for  light  winds  ± 3 db  lie  within  ± 4 knots 

Figure  8.3  shows  the  same  curves  as  those  on  Figure  8.2  but  now 
both  scales  are  logarithmic.  The  "true"  curve  is  a straight  line. 

Were  the  same  scatter  of  points  on  Fig.  8.2  plotted  on  this  new  figure 
the  pattern  that  they  would  produce  would  look  quite  different.  Winds 
over  20  knots  would  bunch  up  into  a very  small  narrow  area  in  the  up- 
per right.  Light  winds  would  scatter  over  a much  larger  area.  The 
kinds  of  errors  in  the  wind  vector  discussed  in  Chapter  4 can  produce 
points  to  the  left  of  the  true  curve  that  are  20  db  apart.  If  one 
were  to  believe  the  winds  as  being  "exact",  the  plot  would  imply  ex- 
treme variations  in  the  measurement  of  the  backscatter  for  the  same 

light  wind. 

The  difficulty  with  this  form  of  presentation  is  that  it  assximes 
that  the  errors  in  the  measurements  of  both  the  wind  and  the  back- 
scatter are  percentage  deviations  from  the  true  value.  A 107.  error 
in  the  measurement  of  the  magnitude  of  a 50  knot  wind  is  ± 5 knots, 
but  a 107,  error  in  the  measurement  of  a 4 knot  wind  is  ± 0.4  knots . 
For  low  winds,  this  is  not  within  the  capability  of  either  measure- 
ment and  reporting  techniques  or  analysis  techniques  in  meteorology. 

The  scatter  in  plots  such  as  these  is  a real  unavoidable  effect  of 
the  way  winds  are  measured  and  analysed  for  synoptic  meteorological 
purposes  and  for  input  to  numerical  weather  prediction  models. 
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Plotting  the  data  in  this  form  can  do  no  particular  harm  (except, 
perhaps,  confuse  one's  understanding),  but  the  next  step  can  yield 
poor  results.  The  next  step  is  usually  to  regress  cr° 

in  db  or  a°  in  db  on  IoSj^qU  so  as  to  predict  the  least  squares  or 
as  a function  of  II  or  the  least  squares  U as  a function  of  a.  If 
there  are  many  more  points  for  low  winds  than  for  high,  the  errors  in 
the  low  winds  of  factors  of  two  and  three  are  given  much  more  weight 
than  errors  in  high  winds  of  20  or  30%  whereas  both  could  be  compar- 
able in  magnitude  on  a linear  scale.  The  two  regression  equations 
can  therefore  produce  lines  on  this  plot  that  are  markedly  different 
in  slope. 

Still  a third  way  to  plot  the  data  is  shown  in  Figure  8.4  where 
both  (T°  and  u are  on  linear  scales . As  U varies  from  0 to  60  knots , 
varies  from  0 to  0.09  and  the  curve  is  a simple  parabola.  Errors 
in  U are  produced  by  simply  translating  the  "true"  curve  an  ap- 
propriate distance  to  the  left  or  right.  This  plot  shows  the  relative 
importance  of  winds  above,  or  below,  say  20  knots. 

There  is  one  additional  way  to  use  these  equations.  The  stress 
of  the  wind  in  the  sea  surface  expressed  in  terms  of  the  drag  coefficient 
at  19.5  meters  is  given  by 


T * 


^ ^19.5  ^19.5 


(8.10) 


and  so  backscatter  for  this  example  on  a linear  scale  would  be  a direct 
linear  measure  of  the  stress. 


T = 4.10 


P ^19.5  ^ 


(8.11) 
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The  equations  of  hydrodynamics  do  not  involve  the  logarithm  of 
the  wind  speed.  The  square  of  the  wind  speed  is  important  in  calculat- 
ing the  wind  stress  and  the  height  of  wind  generated  gravity  waves. 

It  seems  therefore  more  appropriate  to  minimize  scatter  on  diagrams 
such  as  Figure  8.4  than  on  diagrams  such  as  Figure  8.3,  Were  it 

certain  that  the  PEL  theory  used  in  this  study  was  absolutely  correct, 

2 

then  it  might  be  advisable  to  regress  U ^(  = r/p)  on  <y  and  obtain 
the  wind  stress.  However,  the  variation  of  wind  with  height  also  in- 
volves effects  of  stability  so  that  the  prediction 

of  2 from  or°  seems  to  be  more  appropriate. 

The  final  graphical  procedure  is  perhaps  the  best  of  all.  From 
equation  8.8,  if  it  were  correct,  it  would  be  possible  to  calculate 
the  wind  speed  that  a®  implies  and  call  it  the  radar  wind,  U , as 

j. 

in  Equation  8.12. 

= (8 

and  plot  versus  U^on  .linear  scales  as  in  Figure  8.5.  The 
horizontal  and  vertical  distances  are  then  a measure  of  the  contribu- 
tion to  the  discrepancy  between  U and  U of  the  errors  in  the  radar 

r m 

measurement  and  the  errors  in  determining  the  magnitude  of  the  vector 
wind.  The  problem  that  remains  however  is  that  U is  not  only  a 
function  of  a°  but  also  a function  of  X » and  it  is  not  as  simple 
a problem  as  the  one  assumed  for  illustrative  purposes  above. 


KNOTS 


FIGURE  8.4  VERSUS  O'”  ON  LINEAR  SCALES 
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S_tyategies  for  avoiding  various  problems  Multiple  regression 
methods  require  care  in  their  application.  During  the  early  stages 
of  the  study  of  radar  backscatter  versus  wind  speed  with  limited  data 
sets,  it  makes  sense  to  look  for  the  various  power  law  relationships 
that  were  discussed  in  Chapter  6 . These  methods  can  distinguish  be- 
tween say,  U and  U If  x were  the  log  of  the  wind 

and  y the  backscatter  in  db  in  Equation  8.3,  with  some  additional 
constants,  other  than  ones  and  zeros,  then  equation  (8.5)  would  not  be 
the  best  possible  prediction  of  CT°,  for  example. 

Although  regressing  iogj^Q  on  cr  in  db,  either  way,  can  yield 
a fit  that  may  be  useful,  it  is  also  necessary  to  regress  the  values 

antilog  form  for  an  unknown  power.  Also,  even  the 
assumption  of  some  simple  power  law  relationship  has  to  be  looked  at 
skeptically  and  eliminated,  if  possible,  if  the  fit  can  be  improved. 

It  can  be  noted  for  example  that  the  theoretical  curves  from  Fung 
and  Chan  (1975b)  in  Appendix  C are  no  longer  straight  lines  on  a 
double  log  plot. 

There  is  no  guarantee  that  what  would  appear  to  be  systematic 
biases  for  various  ranges  of  wind  speed  will  be  eliminated  if  too  sim- 
ple a set  of  regression  equations  is  used  to  predict  the  winds  from 
the  radar  measurements.  For  different  ranges  of  wind  speed  the  "ap- 
patent"  power  law  may  be  quite  different.  With  these  introductory 
comments,  the  time  has  now  arrived  to  see  how  well  backscatter  mea- 
surements predict  the  winds. 

RESULTS  ON  LOG-LOG  AND  POWER  LAW  REGRESSIONS 

Two  of  many  possible  ways  to  study  the  relation- 
ship between  backscatter  and  the  wind  is  to  refer  all  the  winds  to 
upwind  and  then  find  (1)  the  best  fit  constants  for  the  two  log-log 
relationships,  equations (8.13)  and  (8.14), 
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(8.13) 


(db)  ’ “O  + “l  ‘°«10  “ 


log  U = b + b O'®  > 

®10  0 1 (db) 

by  finding  the  constants,  a^,  a^,  b^  and  b^  , that  minimize 


(8.14) 


S (aj  - a - a log  u^)' 
1=1 


and 


(8.15) 


.2  , (I'-^io  ”i  - "o  - ^ ('’"db)  t)^ 


i = 1 


(8.16) 


and  (2)  the  best  fit  constants  for  two  power  law  relationships  as  in 

Jl-  ^ / *1  A 

equations  (8.17)  and  (8.18)  where  cr^  is  equal  to  10  ' , 


“l 

(j®  = a u ^ 


(8,17) 


u = (a°) 


,0\'  1 


(8.18) 


by  finding  the  constants  Oj^,  and  that  minimize 


n Of.  .2 

E_  ^ (<»“  - U J 


(8.19) 


s . (”i  - 


i = 1 


(8.20) 
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This  was  done  by  Young  (1975)  as  described  in  greater  detail  in 
Appendix  D.  Some  of  these  results  are  summarized  here. 

The  question  might  be  asked  of  the  radar  designers  as  to  whether 
or  not  the  use  of  equation  (8.13)  (instead  of  8.17)  is  really  ap- 
propriate, even  in  radar  design.  Especially  for  high  winds,  the  dif- 
ference can  be  large. 

The  other  two  equations  predict  U,  for  upwind  measurements  only 

given  an  upwind  measurement  of  a°.  The  same  comments  can  be  made. 

2 

Equation  8.14  minimizes  S (log  U.  - log  U .)  over  the  data  set,  and 

— px 

E (log  U.  - log  U .)  will  be  near  zero.  Equation  (8.18)  minimizes 
^ 2 

S (U.  - U .)  and  S (U.  - U .)  will  be  near  zero. 

1 px  X px 

In  the  situation  where  the  wind  is  predicted  from  the  backscatter 
measurement,  of  these  two  choices  only  equation  (8*20)  is  useful. 

There  is  little,  if  any,  practical  use  for  a prediction  of  the 
logarithm  of  the  wind  speed. 

Equations  (8.13),  (8.14),  (8.17)  and  (8.18)  all  have  a different 

meaning.  In  equation  (8.13),  a wind  speed,  U is  given,  and  the  equa- 

tion  yields  a value  of  a°,  say  cr° , , in  db.  The  sum,  S (ff°  - g°.)  , 

px  i pi 

will  be  a minimum  over  the  particular  set  of  observed  data.  Also,  in 

general,  the  sum,  (a°  - g°  ),  will  be  close  to  zero.  If  the  value  of 

o po 

to  be  used  in  a radai:  design  is  desired,  this  equation  may  be  the 

one  to  be  used.  Alternatively  equation  (8*17)  night  have  been  used  and 

(7°  obtained  in  antilog  form.  The  sum  S (c°  - g^^)  , in  antilog 

form  will  be  a minimum,  and  the  sum,  L (C.  - g .)  will  be  close  to 

X px 

zero.  If  the  values,  of  g°  are  changed  from  db  to  antilog  form  or 
from  antilog  form  to  db  after  the  use  of  the  appropriate  equation  the 
stuns  of  squares  will  not  be  a minimum  and  the  sums  of  the  difference 
will  not  be  close  to  zero. 
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Referr-tne;  the  backscatter  measurements  to  upwind  The  first  step 
in  this  particular  analysis  is  to  refer  to  backscatter  measurements 
to  upwind  by  using  the  theoretical  results  of  Fung  and  Chan  for  the 
three  highest  nadir  angles.  The  technique,  quoting  Young  (1975),  is 
described  below  with  appropriate  changes  as  to  chapters,  figures  and  equations. 

"The  experimental  measurements  (Grantham  et  al.  (1975)  j (Afarani,  1975) 
and  a theoretical  model  (Fung  and  Chan)  describing  the  wind  direction 
dependence  of  backscatter  measurements  were  discussed  in  Chapter  6 , 

These  measurements  and  [the  corresponding]  model  reveal  the  basic  shape 
and  wind  dependence  of  the  anisotopic  sea  response,  but  the  measurements 
include  only  a few  wind  conditions  and  seme  parameters  in  the  model  are 
still  tentative. 

An  approximate  wind-direction  characteristic  for  the  backscatter 
data  was  determined  by  finding  a regression  fit  of  the  AAFE  Radscat 
data  shown  in  Figure  6.8  and  scaling  the  amplitude  of  the  variations 
to  agree  with  the  theoretical  upwind /cross-wind  ratio.  The  wind-direction 
correction  to  modify  the  backscatter  measurements  to  that  expected  for 


upwind  conditions  is 


A (T°  (X- , U)  » (c  . + d . log  U)  • 

X ^ pqj  ^ pqj  PqJ 


(0.4980  - 0.1916  cos  X “ 0.4042  cos  2X  + 0.0978  cos  4X), 

U S 3 m/sec 


=0,  U < 3 m/sec  (8.21) 

where  a is  in  dB,  U is  in  m/sec , and  j = 1,  2,  or  3 correspond 

^ no 

to  the  nominal  incident  angles  50°,  43  , and  32°  respectively.  The 
values  used  for  c . and  d . are  given  in  Table  8.3, 

pqj  pq3 

No  aspect  angle  corrections  were  applied  to  the  backscatter  measure- 
ments near  17°  and  1°  nor  to  any  of  the  radiometric  measurements.  The 
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Table  8.3  Coefficients  for  aspect  angle 
correction  of  backscatter  measurements 


Fclarizatlon 

Cir't) 

Comnand  Angle 

(j) 

c . 

pqj 

d . 
pqj 

vv 

1 

-3.327 

6.735 

w 

2 

-3,207 

6.585 

w 

3 

-3.396 

6.600 

HH 

1 

-3,001 

6.879 

HH 

2 

-2,898 

6.543 

HH 

3 

-3.349 

6.615 

HV  or 

1 

-6.823 

13.268 

VH 

2 

-6.821 

13.200 

3 

-6.868 

13.139 
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direction  of  the  wind  should  have  little  effect  on  microwave  measure- 
ments  near  nadir  and  experimental  measurements  have  thus  far  not  revealed 
a wind  direction  effect  on  brightness  temperature.  Hence,  not  cor- 
recting these. data  for  aspect  angle  should  have  little  effect  on  the 
data  analysis." 

Tabulation  of  regression  constants  and  examples  of  results  The 

regression  estimates  for  the  constants  given  in  equation  (8.13)  and 

(8J.4)  for  SL  2/3  and  SL  4 are  given  in  Tables  8.4,  8,5,  8.6  and  8.7. 

Scatter  diagrams  of  cr°  in  db  versus  wind  speed  in  knots  (SL  2/3) , 

vv 

for  32°.  43°  and  50°  are  shown  in  Figure  8.6,  8.7  and  8.8.  The  re- 
semblance to  Figure  8.3  is  notable. 

For  SL  2/3  50°  nadir  angle,  the  best  prediction  of  a°  in  db, 

given  U,  is 

" 33.4  + 16.9  log.-  U (8.22) 

V v(ab)  iU 

and  the  best  prediction  of  U,  given  (j°  in  db  is 

V V 

log^Q  U * 1.387  + 0.029  crj^(jix)  - . (8.23) 

These  two  equations  can  be  put  into  another  form  as  in  equa- 
tion (8.24)  and  (8.25) 

(8.24) 

(8.25) 


- 4.57  X lO"'^ 
vv 


U » 24.38  (a°) 


0x0.29 
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Table  8*4  Linear  regression  estimates  of  parameter  in  the  model 

O’*  (in  dB)  * a^j  + aj  log  (ground-truth  wind  speed  in  m/sec) 
for  SL  2 and  3 data.  The  scattering  coefficients  were 
adjusted  to  upwind  and  to  the  nadir  Mgles  indicated 
before  regression. 


Nadir 

Angle 


50“ 


43“ 


32° 


17° 


Estimated 

Standard  Standard  No.  of 


Pol. 

% 

Error  of  aj 

Error  of  a 

Observations 

W 

16.9 

l.,6 

-33.4 

3.85 

124 

HH 

18.1 

1.5 

-38.7 

3.77 

121 

VH 

18.9 

1.5 

-46.4 

3.69 

110 

HV 

18.0 

1.4 

-45.5 

3.53 

114 

W 

18.9 

1.7 

-33.1 

4.02 

134 

HH 

18.9 

1.6 

-36.0 

3.77 

133 

VH 

19.3 

1.4 

-45.5 

3.28 

126 

HV 

19.3 

1.5 

-45.4 

3.46 

127 

W 

13.9 

1.2 

-23.9 

2.70 

147 

HH 

13.2 

1.2 

-24.3 

2.66 

146 

VH 

20.7 

1.8 

-43.7 

3.94 

141 

HV 

19.5 

1.5 

-42.7 

3.39 

140 

W 

3.9 

0.5 

- 2.5 

1.31 

146 

HH 

3.8 

0.5 

- 2.3 

1.45 

145 

VH 

. 3.5 

0.4 

-17.9 

1.21 

136 

HV 

3.5 

0.4 

-17.9 

1.22 

141 

W 

-2.1 

0.3 

15.2 

0.92 

134 

HH 

-2.0 

0.3 

15.2 

0.94 

140 

VH 

-2.5 

0.3 

- 1.6 

0.87 

136 

HV 

-2.6 

0.3 

- 1.5 

0.89 

136 
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Table  8 


Nadir 

Angle 


50 


43" 


32® 


•5  Linear  regression  estimates  of  parameter  in  the  model 

or®  (in  dB)  ® a^  + aj  log  (ground- truth  wind  speed  in  m/sec) 
for  SL  4 data.  The  scattering  coefficients  were  adjusted 
to  upwind  and  to  the  nadir  angles  indicated  before  regression. 
Only  data  having  ground  truth  wind  speeds  greater  than  6 m/s 
were  used. 


Pol. 

% 

Estimated 
Standard 
Error  of  ai 

a 

0 

Standard 

Error  of  a 

■0 

No.  of 
Observations 

W 

13.2 

0.9 

*19.8 

l.;51 

115 

HH 

11.5 

1.2 

-21.3 

1.93 

122 

VH 

19.3 

1.4 

-27.7 

2.32 

116 

HV 

16.2 

1.7 

-24.6 

2.76 

116 

W 

13.6 

1.0 

-19.1 

1..63 

121 

HH 

13.1 

0.9 

-21.3 

1.56 

121 

VH 

19.8 

1.4 

-27.3 

2.28 

119 

HV 

19.7 

1.5 

-27.4 

2.42 

121 

W 

16.1 

i 0.9 

-19.1 

1.71 

166 

HH  • 

16.5 

0.9 

-22.7 

1.93 

168 

VH 

24.3 

1.3 

-30.9 

2.53 

164 

HV 

24.3 

1.3 

-30.8 

2.55 

167 
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Table  8 


Nadir 

Angle 


50° 


43* 


32“ 


17“ 


1“ 


6 Linear  regression  estimates  of  parameters  in  the  model  log 
(ground-truth  wind  speed  in  m/sec)  = + bx  cr*(in  dB)  for 

SL  2 and  3 data.  The  scattering  coefficients  were  adjusted 
to  upwind  and  the  nadir  angles  listed  before  regression. 


Estimated 

Standard 


Pol. 

Error  of  bx 

b 

0 

w 

0.0290 

0.0027 

1.387 

HH 

0.0301 

0.0025 

1.541 

VH 

0.0311 

0.0025 

1.786 

HV 

0.0322 

0.0026 

1.811 

W 

0.0260 

0.0023 

1.279 

HH 

0.0277 

0.0023 

1.389 

VH 

0.0317 

0.0023 

1.762 

HV 

0.0303 

0.0023 

1.721 

W 

0.0342 

0.0030 

1.236 

HH 

0.0345 

0.0031 

1.271 

VH 

0.0238 

0.0021 

1.445 

HV 

0.0276 

0.0022 

1.545 

W 

0.0827 

0.0100 

0.731 

HH 

0.0706 

0.0098 

0.737 

VH 

0.0905 

0.0116 

2.164 

HV 

0.0887 

0.0112 

2.131 

W 

-0,1163 

0.0179 

2.368 

HH 

-0.1148 

0.6i77 

2.349 

VH 

-0.1425 

0.0167 

0.274 

HV 

-0.1383 

0.0158 

0.291 

Standard 

lo" 

No.  of 

Error  of  b 

0 

Observations 

0.159 

1.44 

124 

0.154, 

1.43 

121 

0.150 

1.41 

110 

0.149 

1.41 

114 

0.149 

1.41 

134 

0.144 

1,39 

133 

0.133 

1.36 

126 

0.137 

1.37 

127 

0.134 

1.36 

147 

0.136 

1.37 

146  ' 

0.133 

1.36 

141 

0.128 

1.34 

140 

0.190 

1.55 

146 

0.198 

1.58 

145 

0.195 

1.57 

136 

0.195 

1.57 

141 

0.218 

1.65 

134 

0.223 

1.67 

140 

0.208 

1.61 

136 

0.206 

1.61 

136 
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Table 

Nadir 

Angle 

50“ 

43“ 

32“ 


.7  Linear  regression  estimates  of  parameters  in  the  model  log 
(ground- truth  wind  speed  in  m/sec)  » + bi  or®  (in  dB)  for 

SL  4 data.  The  scattering  coefficients  were  adjusted  to 
upwind  and  to  the  nadir  angles  indicated  before  regression. 


Estimated 


Pol. 

Standard 
Error  of  bj 

b 

O 

Standard 
Error  of  b 

0 

lo" 

No.  of 
Observations 

W 

0.0622 

0.0046 

1.379 

0.140 

1.38 

140 

HH 

0.0406 

0.0050 

1.365 

0.171 

1.48 

149 

VH 

0.0406 

0.0032 

1.306 

0.140 

1.38 

140 

HV 

0.0369 

0.0035 

1.283 

0.155 

1.43 

140 

W 

0.0593 

0.0049 

1.289 

0.160 

1.44 

147 

HH 

0.0560 

0.0057 

1.412 

0.175 

1.50 

148 

VH 

0.0435 

0.0034 

1.287 

0.155 

1.43 

144 

HV 

0.0416 

0.0035 

1.282 

0.161 

1.45 

147 

W 

0.0551 

0.0031 

1.143 

0.138 

1.37 

192 

HH 

0.0516 

0.0031 

1.298 

0.146 

1.40 

197 

VH 

0.0367 

0.0020 

1.215 

0.137 

1.37 

190 

HV 

0.0366 

0.0020 

1.272 

0.133 

1.36 

193 
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Equation  (8.25)can  be  inverted  to  obtain  equation  <8.26) 


m 

ym 


■•Wf 


!■  - 
i- 

( . . 

P? 


a°  = 1.65  X 10*^ 

VV 


Equation(8.24)can  be  inverted  to  obtain  equation  (8.27) 


U = 94.9  (a  ) 


(8.26) 


(8.27) 


These  inverses  are  not  very  close  together  nor  should  they  be 
expected  to  be  close  together.  The  heavy  weighting  of  low  winds  and 
low  values  of  (T°  determines  the  fits,  and  they  do  not  yield  realistic 
results  for  high  winds. 

The  regressions  of  (T®  on  U given  in  Tables  8.6  and  8.7  were  used 
tO'  predict  the  wind  from  the.  backscatter.  The  results  were  not  good, 
because  the  log  of  the  wind  was  actually  predicted  and  when  the 
metaoro logical  wind  was  compared  to  the  radar  wind  in  antilog  form, 
the  high  winds  were  missed  by  large  amounts.  This  was  to  be  expected 
for  reasons  given  at  the  start  of  this  chapter. 

The  power  law  regressions  of  the  wind  speed  predicted  from  cr° 
as  in  equation  (8.18)  were  much  better.  Tables  8.8,  8.9,  8.10,  8.11, 
and  8.12  summarize  these  results.  One  pair  shows  the  result  of 
predicting  a°  from  U for  SL  2/3  and  SL  4.  The  other  three  show  the 
result  of  predicting  U from  (T°  for  SL  2/3  and  SL  4.  The  last  table 
given  results  for  SL  4 for  winds  greater  than  12  knots. 

The  root  mean  square  differences  (or  errors)  between  the  meteoro- 
logical winds  and  the  winds  predicted  from  the  backscatter  measurements 
are  given  in  Tables  8.10,  8.11,  and  8.12.  For  SL  2/3  for  all  observa- 
tions the  largest  root  mean  square  difference  was  5.5  knots  and  the 
smallest  was  3.7  knots.  For  SL  4,  for  all  observations,  the  largest 
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Table  8.8  Power  law  regression  estimates  oi  the  parameter  O’” 


(in  antilog  form)  in  the  model  O® 
for  SL  2/3.* 


O'  (in  knots) 


50® 


43  ‘ 


32® 


15® 


^ 0 -5 

X 10 

0=1 

Number  of 
Cases 

BtfSD 

w 

22.67 

1*635 

124 

0.0139 

HH 

0.5991 

2.456 

121 

0.0088 

VH 

0.0111 

3.262 

110 

0.0038 

HV 

0.0133 

3.212 

140 

0.0032 

W 

56.26 

1*471 

134 

0.0202 

HH 

15.74 

1.672 

133 

0.0106 

VH 

0.07741 

2.759 

126 

0.0024 

HV 

0.06589 

2.805 

127 

0.0024 

W 

40.59 

1.933 

147 

0.0227 

HH 

54.41 

1.739 

146 

0.0159 

VH 

0.04778 

3.169 

141 

0.0025 

HV 

0.03534 

3.268 

140 

0.0026 

W 

0.5209 

0,3417 

146 

0.0228 

HH 

0.5736 

0.3084 

144 

0.0159 

VH 

0.0138 

0.3279 

136 

0.0072 

HV 

0.0143 

0.3133 

141 

0.0074 

W 

37.76 

-0.1899 

134 

6.1 

HH 

37.01 

-0.1811 

140 

6.3 

VH 

0.7939 

-0.2306 

136 

0.115 

HV 

0.7839 

-0.2225 

136 

0.117 

^ 5 

0£  to  be  multiplied  by  10  except  for  15®  and  0® 


243 


Table  8,9  Power  law  regression  estimates  of  the  parameter  <7 

(in  antilog  form)  in  the  model  cr°  = ttoU  ^ (in  knots) 
for  SL  4. 

No.  of 


tto 

a;i 

Points  = N 

BMSD 

0.00266 

1.495 

140 

0.11 

0.00701 

0.973 

149 

0.08 

0,00011 

2.427 

140 

0.16 

0.00014 

2.329 

140 

0.17 

0.00448 

1.420 

147 

0.15 

0.00548 

1.170 

148 

0.09 

0.00023 

2.263 

144 

0.19 

0.00028 

2.189 

147 

0.20 

0.00366 

1.672 

192 

0.30 

0.00189 

1.655 

197 

0.16 

0.000031 

2.959 

190 

0.37 

0.000038 

2.895 

193 

0.36 

Table 


50® 


43® 


32® 


15® 


0® 


8.10  Power  law  regression  estimates  of  the  parameter  U in 
the  model  U (in  knots)  = for  SL  2/3. 


^0 

Number  of 
Cases 

RMSD 

w 

82.87 

0.4196 

124 

5.5 

HH 

102.5 

0.3748 

121 

5;2 

VH 

137.2 

0.3263 

110 

4.4 

HV 

140.9 

0.3318 

114 

4.4 

W 

61.64 

0.3881 

134 

5*2 

HH 

84.40 

0.4000 

133 

4.9 

VH 

136.1 

0.3414 

126 

4.1 

HV 

134.0 

0.340 

127 

4.2 

W 

36.41 

0.3594 

147 

3.8 

HH 

42.55 

0.3847 

146 

3.9 

VH 

75.90 

0.2881 

141 

3.7 

HV 

75.75 

0.2878 

140 

3.7 

W 

11.82 

0.6284 

146 

4.7 

HH 

12.16 

0.484 

144 

5.2 

VH 

279.8 

0.8778 

136 

4.9 

HV 

206.4 

0.7924 

141 

5.0 

W 

373.2 

-1.070 

134 

4.7 

HH 

529.3 

-1.182 

140 

4.7 

VH 

4.250 

-1.345 

136 

4.7 

HV 

3.571 

-1.533 

136 

4.2 

245” 


Table 


50° 


43° 


32° 


.11 

Power  law  regre 

ssion  estimates  of  the 

a 

in  the  model  U 

for  SL  4. 

No,  of 

h 

Points  “ 

w 

45.24 

0.5695 

140 

HH 

47.98 

0.4019 

149 

VH 

38.90 

0.3725 

140 

HV 

38.02 

0.3496 

140 

W 

37.98 

0.5483 

147 

HH 

50.26 

0.5220 

148 

VH 

36.64 

0.3829 

144 

HV 

36.53 

0.3657 

147 

W 

27.65 

0.5055 

192 

HH 

38.65 

0.4767 

197 

VH 

31.75 

0.3198 

190 

VH 

31.90 

0.3200 

193 

RMSD 

5.3 

7.4 

5.5 
6.3 

5.8 

6.6 

5.5 
5.8 

5.2 

5.6 

5.3 
5.2 
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Table  8.12  Power  law  regression  estimates  of  the  parameter  U 

(in  knots)  for  U ^ 12  knots  in  the  model  U = a^(,a°)^ 
for  SL  4. 


No.  of 


Oi 

0 

(H 

Points  = N 

BMSD 

44.13 

0.5008 

115 

4.5 

53.13 

0.4087 

122 

6.1 

38.29 

0.3226 

116 

4.9 

37.13 

0.2942 

116 

5.8 

37.71 

0,4731 

121 

4.9 

51.03 

0.4757 

121 

5.0 

36.21 

0.3242 

119 

4.8 

36.09 

0.3073 

121 

5.1 

28.31 

0.4431 

166 

4.8 

37.82 

0.4071 

168 

5.1 

32.00 

0.2800 

164 

4.8 

32.08 

0.2826 

167 

4.8 
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was  7.4  knots  and  the  smallest  was  5.2  knots.  These  values  have  to 
be  studied  in  greater  detail  in  terms  of  the  type  of  surface  truth 
that  provides  the  meteorological  wind. 

All  in  all,  the  simple  power  law  regressions,  for  upwind 
conditions  only,  do  a creditable  job  of  predicting  the  magnitude  of 
the  vector  wind  from  a radar  measurement  when  the  wind  speed  is 
verified  against  the  meteorologically  obtained  surface  truth. 

The  three  tables  that  yield  regression  coefficients  for  the 
prediction  of  the  magnitude  of  the  vector  wind  from  the  backscatter 
contain  a total  of  44  categories.  Examples  of  scatter  plots  of  the 
radar  wind  prediction  of  the  meteorological  wind  are  given  in  the 
next  eight  figures,  four  for  SL  2/3  and  four  for  SL  4.  For  SL  2/3, 
Fig.  8.9  is  for  VH  43®,  Fig.  8.10  is  for  VH  50°,  8.11  is  for  HH  50°, 
and  8.12  is  for  W 50°.  An  M represents  either  Hurricane  AVA  or 
Tropical  Storm  Christine.  For  SL  4,  8.13  is  for  W 50°;  8.14  is  for 
HV  32°;  8.15  is  for  32°  HH,  and  8.16  is  for  50°  HH.  The  SL  4 plots 
are  for  all  winds.  The  codes.  A,  B,  C,  D,  and  + were  explained  in 
Chapter  4.  If  several  points  fall  on  the  same  location  the  total 
number  of  points  is  printed,  and  the  code  is  unfortunately  lost. 

These  eight  plots,  as  well  as  the  others  in  the  total  set  appear 
to  have  one  common  feature.  They  tend  to  given  radar  winds  that  are 
higher  than  the  meteorological  wind  when  the  winds  are  low  and  to 
give  radar  winds  that  are  lower  than  the  meteorological  wind  when  the 
winds  are  high.  Figure  8.9  is  a particularly  good  example  of  this 
tendency.  Figure  8.12  is  the  clearest  example  of  the  under  prediction 
of  the  high  winds  for  SL  2/3.  Similarly  Figure  8.13  and  Figure  8.16 
are  examples  for  SL  4. 
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In  gencml^  th6  inverses  o£  the  power  law  relationships  given 
in  Tables  8.8  to  8,11  are  closer  together  than  the  corresponding 
inverses  from  the  log-log  regressions.  For  example,  Table  8.8  yields 


a = 2.267  X 


and  Table  8,10  yields 


U = 82.87 


for  50** W.  The  corresponding  inverses  are 


(8.28) 

(8,29) 


and 


U = 169.4 


a°  =2.68  X 10"®(U)^*^^^^ 


(8.30) 

(8.31) 


The  corresponding  values  in  equation  (8,24),  (4.57  x lo'*^  and 
1.69);  equation  (8.25)  (24.38  and  0.29);  equation  (8.27)  (94.9  and 
0.592)  and  equation  (8.26)  (1.65  x lo'^  and  3.448)  are  much  farther 
apart  than  these  values  based  on  power  law  regressions. 

Tables  8,10  and  8.11  give  values  for  the  regression  constants 
for  both  VH  and  HV  polarizations.  The  differences  are  attributable 
in  part  to  slightly  different  sample  sizes  and  in  part  to slightly 
different  measurements  of  and  at  each  cell.  The  wind  speeds 
can  be  treated  as  identical  despite  the  few  miles  separating  the  cell 
centers.  The  values  for  50°  VH  and  50°  HV  in  Table  8.10,  for  cr°=  0.01. 
Yield  wind  speeds  of  30.53  knots  and  30.49  knots.  At  cP=  0.001  they 
yield  14.4  and  14.6  knots.  For  practical  purposes  the  two  equations 
are  identical.  This  conclusion  is  essentially  the  same  for  all 
cross  polarized  pairs  in  both  SL  2/3  and  SL  4 for  the  three  highest 
nadir  angles. 
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Table  8.10  also  provides  values  for  15°  and  0°  nadir  angles. 

For  these  angles,  no  corrections  for  wind  direction  effects  were 
used.  The  dependence  of  wind  speed  on  ff°  is  still  evident.  The 
wind  speed  still  increases  with  increasing  backscatter  at  15° , and 
all  but  the  HH  polarizatxon  yields  power  laws  close  to  one.  At  a 
nadir  angle  of  0° , the  wind  speed  decreases  with  increasing  back- 
scatter according  to  a nearly  linear  relationship.  For  a 15° 
nadir  angle,  a equal  to  0.1  yields  37.7  knots  and  yields 
40.86  knots,  which  are  satisfactorily  close  together;  With  (T°  and 

V H 

equal  to  0.02833,  both  equations  yield  12.25  knots. 

The  signs  of  the  exponent  in  Tables  8.8  and  8.10  change  between 
15  and.  0 . The  assumption  made  by  Bradley  (1971)  that  the  backscatter 
data  that  were  obtained  during  the  early  NASA  aircraft  program  could 
be  normalized  to  10°  is  further  substantiated  by  this  result. 

There  is  one  possible  objection  to  these  results.  It  is  that 
the  meteorological  wind  was  used  to  correct  the  backscatter  to  the 
equivalent  upwind  backscatter  value.  Then  this  backscatter  value  was 
used  to  predict  the  magnitude  of  the  wind  vector.  The  theory  used  is 
somewhat  circular  in  that  knowledge  of  the  wind  is  used  to  get  a 
result  that  is  then  used  to  predict  the  wind.  This  question  and  others 
of  a meteorological  nature  are  investigated  in  the  next  section. 

PREDICTIONS  OF  WIND  SPEED  GIVEN  WIND  DIRECTION  AND  BACKSCATTER  VALUE 

Intr oduct ion . One  way  to  avoid  the  step  of  correcting  all 
backscatter  values  to  the  equivalent  upwind  values,  as  was  done  in 
the  preceding  section,  is  to  try  to  represent  the  radar  wind  as  a 
function  of  a and  X as  in  equation  8.32. 

Ur  = UpCO^ , X)  (8.32) 
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This  step  assximes  that  the  wind  direction  given  by  the  meteorological 
analysis  is  correct,  and  assigns  all  error  effects  to  the  differences 
between  the  magnitudes  of  the  meteorological  wind  and  the  radar  wind. 

Four  procedures,  referred  to  as  methods  three  through  six  were  ^ 

devised  to  determine  the  relationship  given  by  equation(8.32) . Two  were 

based  on  the  preceding  tables  as  a start  and  then  applied  successive 

corrections  to  the  regressions  that  were  obtained.  Another  started 

from  first  principles,  obtained  the  desired  function,  and  then  corrected 

the  magnitudes  of  the  winds  by  an  additional  quadratic  fit.  The  theory 

of  three  of  the  methods  will  be  given  first,  and  then  the  results  will  be 
A 

analyzed. 

Methods  5 and  6.  From  Table  8,10,  for  example  for  W 50°,  equation  (8.33) 
can  be  obtained  where  represents  an  upwind  measurement.  To  simplify 
notation,  and  have  been  used  instead  of  and 

= 82.87(0")°-'^^^^  = A^(rr°)®'^  (8.33) 

From  the  AAFE  Langley  program,  it  is  known  that  at  15  m/s  (29.16 
knots)  a°  is  about  1 db  down  from  upwind  at  downwind  and  about  4 db 
4own  from  upwind  at  crosswind.  From  this  information,  four  new 
coefficients  A^.,  B^,  A^,  and  B^j  can  be  calculated  that  will  yield 
tihese  values  for  U and  a°  at  this  wind  speed,  subject  to  the  additional 
restriction  that  all  curves  pass  through  the  same  point  at  U = 1 knot. 

The  equations  are  derived  for  cross  wind  and  changing  one  constant 
produces  the  equations  for  downwind. 


From  equation  (8.33),  it  is  possible  to  solve  for  tr°  as  in 
* * 

equation  (8.34). 


^n  (f  = 


- jgn  Au 


B. 


(8.34) 


u 


Method  three  was  an  earlier  version  Of  methods  five  and  six  and  did 
not  give  as  good  results. 

WlC  -I 

in  » l°8e 
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This  value  for  the  backscatter  must  be  reduced  by  4 db  at  crosswind. 
Let 

, 0.4 

Kc  “ 10  (8.35) 

The  equation  for  crosswind 

(8.36) 

must  yield  the  same  wind  speed  at  29.16  knots  (i.e.  = U^)  so  that 

equation  (8,37)  must  be  satisfied. 


(29.16)  = ~ Ai  , ) (s.37) 

Bu 


also  for  Uc  = U„  = 

u XX 

1 knot,  the  requirements  are  that 

Jin  a = -jjn  A^/Bji 

(8.38) 

and  hence  that 

®c 

^n  Ag  = -^n  Alt 

»u 

(8,39) 

equation  (8.37)  can  be  put  into  the  form  given  by  equation  (8.40)  by 
means  of  equation  (8,39). 


The  values  of  and  A^  are  in  the  tables,  and  Kg  is  known  so 
that  Bg  can  be  found  from  equation  (8.40),  and  then  Ag,  from  equation 
(8.39). 

To  find  A^  and  B^,  is  used  instead  of  Kg  as  in  equation  (8. 4l) 

= iin  10°*^  (8.41) 

For  50^  W SL  2/3,  the  three  equations  that  result  are  given  by 
equation  (8.33)  above  and  equations  (8.42)  and  (8.43). 
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(8.42) 


0.4739 

Uc  = 146.78  (T 

0.4320 

Ud  = 94.39  a (8.43) 

Given  A(=  and  B(=  /3^),  for  all  polarizations  and  the  three 
largest  nadir  angles,  equations  for  U^,  U^,  and  can  be  found. 

The  first  guess  for  the  radar  wind  is  then  obtained  as  a Fourier 
series  involving  U^,  U^,  and  as  in  equation  (8.44). 

Ujj  = A + B cos  X + C cos  2X  + D cos  4X  (8.44) 

For  X = 0,  upwind, 

= A + B + C + D (8.45) 

For  X = 180° , downwind, 

= A - B + C + D (8.46) 

For  X - 90°,  crosswind, 

= Uc  = A - C + D (8.47) 

With  D = KA,  i.e.  with  the  assumption  that  the  fourth  harmonic  is 
linearly  related  to  the  constant  term,  these  equations  can  be  solved, 
and  the  radar  wind  expressed  as  a function  U^,  U^,  and  and  X . 

[Uu  + Ud+  2Uc] 

+ % Cu^  - Ud]  cos  X 

+ % [U^  + - 2 Uc  ] cos  2 X 

+ (%)  [U^  + Ud  + 2 Uc]  cos  4X  (8.48) 
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This  equation  was  used  to  obtain  values  of  the  radar  wind, 

^ri  * ''S.rious  regression  equations  were  then  applied  in  sequence 
to  to  try  to  improve  on  this  first  estimate.  Given  U^(a“,  X) 
for  a particular  nadir  angle  and  wind  direction,  the  next  step  was 
to  obtain 


Urs  =»  A (U^^) 


B 


such  that  A and  B would  make 


(8.49) 


E(0, 


mi  " '^rsi^ 


a minimum. 

Method  five  used  equation  (8,49).  Method  six  left  it  out. 
The  next  step  was  to  form 


(8.50) 


Ur3(a®,  X)  = cos  X + Cg  cos2X  + Cg  cos  3X+  C^'cos  4X 

(8.51) 

and  to  find  , Cg , and  to  minimize 

S(Umi-U^gi)^  (8.52) 

The  next  step  was  to  form 


Ur4(<y°,  X)  = Do  + DjUra)  + 03(0^3)^ 
and  to  find  D^  , , and  to  minimize 


S <0.1  - »r4i)^ 


(8.53)  . 


(8.54) 
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The  final  result  of  this  seric  of  regressions  is  either 
equation  (8.55a)  or  equation  (8.55b)  'or  methods  five  and  six 
respectively. 

®r4  “^r4^^rs^^  ’ X))>)  (8.55a) 

^r4  =Ur4<Ur3<X>  U„(or^  X)))  (8.55b) 

If  equation  (8.48)  were  the  best  possib;^.  least  squares  fit 
to  the  data,  the  application  of  these  additional  steps  would 
"do  nothing".  For  example,  both  a"  and  B*  would  be  one,  Cq  would 
be  1 and  C^,  C^,  C^,  and  would  be  zero.  Dq  and  would  be  zero, 
and  Di  would  be  1.  The  successive  regressions  are  not  quite 
"do  nothing"  regressions  as  will  be  discussed  when  the  results  of 
their  application  to  three  different  nadir  angles,  three  polari- 
zations and  SL  2/3  and  SL  4.  It  is  difficult  to  see  how  all  of  the 
various  operations  interact.  A simple  power  law  equation  vanishes 
along  the  way. 

Method  4.  Method  4 was  a two  step  regression  that  assiamed  very 
little  about  a starting  form  for  U = U(cr,  X)  and  corrected  the  first 
result  by  a quadratic  improvement. 

The  first  step  was  to  find  the  constants  E . E , E , E . E . 

0^  3> 

^o»  ^1»  ^3»  ^4  equation  (8.56)  with  <r°  in  db. 

^ + ^2  2X  +E3  cos  3X  +E4  cos  4X 

+ cr°[F|j  + Fj  cos  X + Fg  cos  2X  + Fg  cos  3X  + F^  cos  4X] 


so  as  to  minimize 


(8.56) 


The  minimization  ';-7as  carried  out  in  such  a way  as  to  weight  large 
values  of  U and  cr°  in  antilog  form  more  heavily  than  the  usual 
techniques.  For  small  values  of  the  difference  in  equation  (8,57) 
the  weighting  is  exactly  the  right  one.  For  large  values,  some 
bias  is  introduced,  but  this  is  mostly  removed  by  the  quadratic  fit 
that  follows. 

Once  the  ten  constants  were  found,  U , computed  from  and 
X,  was  used  to  find  three  more  constants  6^,  and  6^  es  in 
equation  (8.58) 

Urs“®o  + Gi<Urs)+G3(Ur5)^  (8.58) 

so  as  to  minimize 

S(U^i-^r6i>^ 

1 

Given  the  constants  Ej  and  Fj,  equation  (8,56)  can  be  trans- 
fomed  to  an  interesting  form  as  in  equation  (8.60) 


or 


or 


Urg  * e - ® 

„ .^E(E„X)  C0,JX]^.» 

^rs 


and  finally 


Urs=^o<X) 


^,(X) 


(8.60) 


(8.61) 


(8.62) 


(8.63) 
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where 


[E  +E,  cos  X + E-  cos  2X  +E,  cos  3X  +E^  cos  4X] 
^,(X)  » e"  ° ^ 3 ^ 

° (8.64) 


and 


^^(X)  “ 4.343[F|j  + Fj  cos  X + Eg  cos  2X  +Fg  cos  3X  + F^  cos  4X1 

(8.65) 


For  upwind, 

« 4.343[f^+F^ +Fg +F3+F^1 

For  downwind, 

(E  -E  +E  -E  +E  ) 

Q = e ■ 0 12  ^34^ 

. 4.343[F, -Fj+P^-F^+FJ 

) For  crosswind. 


(8.66) 

(8.67) 


(8.68) 

(8.69) 


13  (E  -E, +EJ 
= e ° s 4 

;8j  = 4.343[Fq  -Fg+F^l 


(8.70) 

(8.71) 


The  quadratic  correction  in  equation  (8.58)  has  a particularly 
simple  interpretation  in  this  method.  The  exponents  are  simply 
doubled  in  the  term  involving  6g . 
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The  Regression  Constants  for  Methods  4.  5 and  6.  Five  tables. 
Tables  8,13  through  8.17,  give  the  values  of  the  regression  constants 
for  methods  4,  5 and  6,  Method  4 did  not  give  good  results  for 
SL  2/3,  because  the  distribution  of  wind  directions  for  high  winds 
was  not  uniform,  and  so  it  was  only  used  for  SL  4,  The  uneven 
distribution  of  wind  directions  for  high  winds  caused  problems  for 
SL  2/3  even  for  n^thods  5 and  6,  but  they  were  not  as  severe. 

Method  5 for  SL  2/3  is  given  in  Table  8.13.  The  values  of  Au, 
®u»  ^d*  ®d>  ®c  listed  first  for  each  command  angle  and 

polarization.  The  cross  polarized  backscatter  values  were  simply 
averaged  and  treated  as  one  value.  If  either  was  missing  the  other 
was  used  alone.  The  numbers  are  what  would  be  expected.  The  values 
of  M and  N are  the  A"  and  B*  of  equation  (8.49).  The  P'  s are  the 
C's  of  equation  (8,51).  The  Q's  are  the  D's  of  equation  (8.53). 

The  power  law  transformation,  equation  (8.40)  is  difficult  to 
interpret  in  terms  of  what  it  does  to  equation  (8,48).  The  Fourier 
series,  equation  (8.51),  undoes  some  of  the  effects  of  M in  equation 
(8,49)  because  the  constant  term  is  less  than  one. 

Except  for  the  coefficient  of  the  cosine  of  4X,  the  other 
trigonometric  terms  have  small  effects  compared  to  that  produced  by 
requiring  a 4 db  difference  between  upwind  and  crosswind.  The  first 
harmonic  strengthens  the  upwind  downwind  difference.  The  second 
harmonic  weakens  the  upwind  crosswind  difference.  The  third  harmonic 
was  assnmed  to  be  zero  and  is  non  present  with  the  same  sign  in  all 
but  command  angle  1,  HV  + VH,  The  fourth  harmonic  is  quite  large  and 
more  or  less  knocks  out  the  original  fourth  hamonic  variation  in 
equation  (8.48). 

The  quadratic  correction  shows  an  important  feature.  The 
parabolas  represented  by  these  coefficients,  except  for  one,  have  a 
minimum  for  greater  than  zero  and  predict  a larger  Uj.^  for  values 
both  smaller  and  larger  than  this. 


This  and  other  results  demonstrate  a difficulty  with  low  wind 
speeds  that  appears  to  be  caused  by  the  sudden  disappearance  of 
capillary  waves  at  wind  speed  near  5 or  7 knots,  compounded  with  the 
inherent  errors  in.  measuring  low  winds  discussed  in  Chapter 

Method  6 for  SL  2/3  is  given  in  Table  8.14.  The  values  of  A^, 
and  so  on  are  the  same.  The  power  law  transformation  is  omitted 
(equation  8.49).  The  P's  represent  the  C's  and  the  quadratic  law  is 
given  by  the  S's. 

The  overall  level  is  amplified  by  the  constant  term  in  the  Pourier 
series.  Upwind  downwind  is  strengthened.  Upwind  crosswind  is 
weakened  except  for  1-W.  Some  third  harmonic  is  present,  and  the 
fourth  harmonic  is  greatly  weakened.  These  are  the  effects  that 
might  be  expected  given  the  kinds  of  errors  present  in  the  meteoro- 
logical values  of  the  wind  direction. 

The  quadratic  correction  for  six  of  the  nine  terms  has  a 
^rs  * given  fay  SO.  A wind  speed  less  than  this  value  cannot  be 
predicted.  These  values  are  between  7.3  and  4.2  knots.  The  other 
^^th  negative  values  for  SI  have  minimums  at  5.4  knots,  0.38 
knots  and  4,49  knots  in  the  order  shows  and  predict  9,98,  7,1  and  8,65 
knots  respectively. 

All  in  all,  method  6 gave  some^diat  better  results  than  method  5 
for  SL  2/3.  Scatter  diagrams  of  the  radar  wind  versus  the  meteorological 
wind  will  be  given  later.  Despite  an  initial  guess  function  that  would 
have  produced  the  required  backscatter  differences  for  upwind,  downwind 
and  crosswind,  these  effects  are  wiped  out  for  SL  2/3  by  the  final 
results  of  the  method. 

Table  8.15  shows  the  values  for  method  4 for  SL  4,  The  notations 
is  back  in  phase  with  the  theory.  The  first  group  of  five  numbers 
xepxesents  B^(X)  as  in  equation  (8,64)  and  the  second  group  represents 
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B^(X)  as  in  equation  (8.65).  The  value  of  ^^(X)  is  a minimum  for 
upwind,  somex^at  larger  for  downwind  (except  1-HH  and  2-HV),  and  a 
maximum  for  crosswind.  The  same  can  be  said  for  (X)  except  that 
FI  has  the  wrong  effect  twice,  and  F2  four  times. 

Nearly  all  of  the  quadratic  corrections  go  through  zero  for 
^rs  ^rs  ii®ar  zero.  The  effect  of  the  squared  term  is  very 

small. 

Table  8.16  shows  the  values  for  method  5 for  SL  4.  The  same 
kinds  of  conclusions  can  be  reached  as  with  Table  8.13. 

Table  8.17  shows  the  values  of  method  6 for  SL  4,  RO  through  R3 
are  close  to  a "do  nothing”  transformation.  The  value  of  R4  greatly 
reduces  the  cos  4 X term* 

Tabulation  Of  the  Predicted  Radar  Winds  for  each  Observation  .and 
for  each  Method,  The  wind  speeds  predicted  by  these  three  different 
methods  are  given  in  Table  8.18,  which  requires  quite  a few  pages. 

The  DOY  , scan  number,  meteorological  wind  speed  and  direction, 
backscatter  value,  as  corrected,  and  radar  wind  speed  for  each  regression 
method  are  tabulated?”  These  values  are  the  "output"  of  this  study  and 
represent  how  well  the  wind  speed  can  be  predicted  from  a radar 
measurement,  given  the  wind  direction  and  a backscatter  measurement  of 
known  nadir  angle,  polarization  and  instrument  characteristics  (i.e, 
the  change  from  SL  2/3  to  SL  4) . Once  in  a while  there  are  "busts"  but 
the  results  for  all  three  polarizations,  all  three  nadir  angles  and  all 

three  methods  are  not  very  far  apart. 

Scatter  Plots.  Eleven  scatter  plots  showing  the  results  of  method  6 

for  W polarization  for  all  three  nadir  angles  and  stratified  according 
to  "Type  A"  meteorological  winds,  "Type  B"  winds,  and  so  on  are  given 
next.  Figure  8.22  for  SL  2/3  combines  Hurricane  AVA  and  Tropical  Storm 
Christine.  These  scatter  plots  will  be  discussed  later  on  in  this 
chapter.  Fig.  8.23  shows  VH/HV  for  AVA  and  Christine. 

*19  in  fact 

**Method  4 is  tabulated  for  SL  2/3,  for  those  who  might  wonder  how 

well  it  did. 
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11.0508 
-.393  8 
.03635 


7.294A 
.064  9 
.02551 


5.6343 

.1832 

.02736 


TABLE  8.13 


1 

2 

3 

1 

2 

3 

HH 

HH 

HH 

HV+VH 

HV+VH 

HV  + VH 

102.5000 

84.4000 

42,5500 

139.0500 

135.0500 

75.8250 

.3748 

.4000 

.3847 

.3291 

.3407 

.2880 

115.7350 

95.5790 

47,0743 

1 55.7279 

151.7650 

82.6923 

.3846 

.4112 

.3951 

.3366 

.3488 

.2937 

173.7732 

145*3981 

66.0853 

226.3386 

223.3786 

109.7085 

.4175 

.4490 

.429  9 

.3615 

.3756 

.3125 

2.0537 

2.7059 

3.2147 

1 . 5143 

1.9270 

2.7338 

.8833 

.7859 

.6647 

1.0290 

.9474 

.7520 

.8270 

.7777 

.836  5 

.8410 

.7818 

.8421 

-.0887 

-.1032 

-.0427 

-.0055 

-.0473 

-.0264 

.0175 

.0714 

.0991 

.0633 

.0936 

.0836 

.0023 

.0566 

.0271 

-.0020 

.0610 

.0415’ 

-.0947 

-.2268 

-.1512 

-.1553 

-.2458 

-.1631 

7.9465 

7.3156 

9.3188 

8.9470 

4.2561 

5.1442 

-.0704 

-.1063 

“.7245 

-.3001 

.3331 

-.1065 

.03065 

.03665 

.07390 

.04132 

.02279 

.05163 

TABLE  8.14 


1 2 3 1 2 3 

HH  HH  HH  HV+VH  HV+VH  HV+VH 


1.2622  1.2318 

-.1273  -.1545 

.0333  .1248 

.0117  .0926 

— .1844  — .4328 

6.7562  6.8707 

.1972  .1508 

.01911  .02151 


1.1858  1.3666 

-.0242  -.0144 

.1496  .1000 

.0594  -.0052 

-.3487  -.2412 

7.2235  9.5005 

-.0400  -.4096 

.03438  . 04557 


1.3267  1.2795 

-.0741  -.0079 

.1622  .1274 

.1038  .0848 

-.4334  -.3469 

4.1871  4.5560 

.3386  .2639 

.01947  .02744 


SL  4 


BEDUCTIQN  4 


COMMAND  ANGLE 

1. 

2. 

3. 

POLARIZATION 

VV 

VV 

VV 

E U 

4.2619 

3.9283 

3.6141 

El 

-.1737 

-.0540 

-.0339 

E2 

-.3490 

-.3057 

-.2207 

£3 

.0089 

.1917 

.0692 

E4 

-.0290 

-.2051 

-.0104 

FU 

.15094 

.12707 

.12748 

FI 

-.01649 

-.00144 

-.00541 

F2 

-.01518 

-.01279 

.00761 

Fi 

.01413 

.03556 

.01639 

F4 

-.01159 

-.03156 

.00172 

G 0 

1.3867 

-1.2184 

-1.2146 

Gl 

. 795 1 

1.0625 

1.0164 

G2 

.00378 

-.00284 

-.00023 

i 

' 

o 


t 


I 


1.' 


TABLE  8.15 


1. 

2 . 

3. 

1. 

2. 

3. 

HH 

HH 

HH 

HV+VH 

HV+VH 

HV  + VH 

3.7868 

4.1115 

3.9460 

4.3849 

4.4798 

4.1099 

.0854 

-.1193 

-.1221 

-.0871 

.0569 

-.0969 

.1482 

-.5343 

-*2037 

-.3855 

-.4729 

-.1531 

.2117 

.4565 

.1518 

.6052 

.3434 

.1062 

-.0196 

-.4141 

.044  9 

-.6862 

-.4333 

-.0015 

.06077 

.10696 

.11652 

.11758 

.13632 

.11272 

.01623 

-.00286 

-.01804 

-.00166 

.01095 

-.009  06 

.03010 

-.03668 

.005  28 

-.01905 

-.02567 

.01028 

.01556 

.04852 

.01109 

.06281 

.03843 

.00989 

-.00483 

-.04082 

.01227 

-.06781 

-.04086 

.00400 

'7.1468 

-4.6527 

-5.2965 

-6 .7653 

.4654 

-.8024 

1.7751 

1 .3883 

1.381 0 

1.5590 

.9163 

.9960 

-.02304 

-.01063 

-.00778 

-.01343 

-.00005 

-.00005 

SL  A : REDUCTION  5 


TABLE  8.16 


command  angle 

POLARIZATION 

AU 
[■  U 


AD 

8D 

AC 

BC 


'•I 


P.j 

Pi 

P2 

Pi 

Ph- 

G j 
Q] 
02 


1 

vv 

45*2400 

,5695 

52.7735 

.5925 

91.2B43 

.6744 

2.9285 

.7430 

.8658 

-.0106 

-.0224 

-.0750 

-.0800 

12.0814 

-.4197 

.03611 


2 

VV 

37.9800 

.5483 

43.7432 

.5696 

72.0615 

.6449 

3.5454 

.6837 

.8491 

-.0102 

-.0379 

-.0194 

-.1628 

-5.1493 

1.2966 

-.00215 


3 

VV 

27.6500 

.5055 

31.1292 

.5235 

47.0518 

.5865 

3.3212 

.6999 

.8858 

.0106 

-.0612 

.0110 

-.1686 

-3.4060 

1.0258 

.00513 


1 

HH 

47.9800 

.4019 

53.5096 

.4132 

77.3212 

.4514 

4.7490 

.6032 

.8004 

-.0368 

-.0531 

.0075 

-.0721 

-34.8985 

4.5327 

-.08589 


2 

HH 

50.2600 

.5220 

58.0787 

.5413 

96.3912 

.6088 

4.3475 

.6259 

.8248 

-.0324 

-.0347 

.0200 

-.1743 

-18.4023 

2.6874 

-.03685 


3 

HH 

38.6500 

.4767 

43.6997 

.4927 

66.7846 

.5480 

3.7199 

.666  8 

.8714 

-.0009 

-.0581 

.0575 

-.1736 

-7.3288 

1.3902 

-.00263 


1 

HV+VH 

38.4600 

.3610 

42.1716 

.3702 

57.3289 

.4005 

3.5616 

.7359 

.8236 

-.0371 

-.0679 

-.0286 

-.0921 

31.3459 
-2.2496 
. 08077 


2 

HV+VH 

36.5850 
.374  3 

40.2024 

.3841 

55.1167 

.4169 

3.5911 

.7373 

.8261 

-.0319 

-.0682 

-.0062 

-.1839 

22.3003 

-1.5933 

.07059 


3 

HV+VH 

31.8250 

.3199 

34.3782 

.3270 

44.3211 

.3505 

3.0985 

.7787 

.8687 

-.0117 

-.0923 

.0235 

-.1948 

-.5446 

.6291 

.01656 


SL  4 ; 

REDUCTION 

6 

1 

> 1 1 

COMMAND  ANGLE 
POLARIZATION 

1 

VV 

2 

VV 

3 

VV 

1 

HH 

2 

HH 

3 

HH 

1 

HV+VH 

2 

HV+VH 

3 

HV+VH 

R r 

Rl 

K 2 

R3 

RA 

1.2222 

.0301 

.0255 

-.1342 

-.1835 

1.2237 

.0443 

.0169 

-.0518 

-.3121 

1.2242 

.0559 

-.0171 

-.0041 

-.3086 

1.2480 

.0004 

-.0135 

.0212 

-.2208 

1.2491 

.0113 

.02  65 
.0381 
-.37  07 

1.2297 
.045  5 
-.0094 
.0769 
-.3308 

1.4525 

-.0295 

-.0746 

-.0661 

-.2545 

1.4818 

-.0205 

-.0765 

-.0259 

-.4202 

1.4726 

.0028 

-.1187 

.0279 

-.4057 

S ■■ 
SI 
Sc. 

8.4297 

.1155 

.02111 

-7.2184 

1.7400 

-.01721 

-3.5999 
1 .3058 
-.00582 

-14.0300 

2.6770 

-.04533 

-15.5195 

2.5833 

-.03701 

-5.2505 

1.5117 

-.01107 

26.1577 
-1.6526 
, 064 06 

8.0065 

-.0302 

.02964 

-4.3553 

1.1334 

.00244 

TABLE  8.18  (I  ) 


^L2-3  COHKAND  ANGLE  1 


ASPrCT 

KET. 

SIGKA,  on 

Redaction 

1 4 

REDUCT IOn 

5 

REDUCTION 

6 QUAL 

ancle 

WIND 

VV  HH  HV+VH 

VV 

HH 

VV 

HH 

hv+vh 

VV 

HH 

HV+VH 

I5c^102 

1.7 

13.0 

-17.50  -22. G6  -32.72 

12.02 

12.61 

13.37 

13.37 

13.16 

12.89 

13.69 

13.40 

12.82 

A 

156103 

1 .4 

13.0 

-17.12  -22.48  -32.46 

11.89 

12.72 

13.23 

13.80 

13.50 

13.14 

14.13 

13.75 

13.07 

A 

15tl04 

-4.0 

13.0 

-16.43  -22.2ft  -32.02 

11,68 

12.65 

12.97 

14.69 

13.68 

13.59 

15.03 

13.95 

13.51 

A 

156105 

-9.3 

13.0 

-lg.64  -24.32  -36.46 

12.34 

12.86 

15.01 

12.24 

11.97 

10.32 

12.59 

12.18 

10.32 

A 

15o106 

-19.7 

10.0 

-20.69  -25.72  -35.80 

12.08 

11.90 

12.75 

10.85 

10,91 

10.48 

11.18 

11.09 

10.47 

♦ 

15 o 107 

-25.0 

8.0 

-20.52  -25.80  -37.81 

11.64 

11.27 

11  .30 

10.81 

10.71 

9.55 

11.16 

10.89 

9.59 

4 

15610& 

-35.3 

5.0 

-19.88  -25.7?  -35.29 

11.29 

10.41 

10.28 

10.92 

10.49 

10.21 

11.30 

10.65 

10.21 

4 

156112 

-61.6 

12.0 

-21.61  -26.06  -35.12 

10.45 

10.50 

9.43 

11.21 

11.90 

11.22 

11.48 

12.05 

11.20 

4 

156113 

-56.8 

14.0 

-18.49  -23. 7P  -32.51 

13.73 

12.38 

12.58 

13.39 

13.20 

13.03 

13.77 

13.47 

12.96 

4- 

156114 

-47.1 

15.0 

-19.45  -23. oO  -32.52 

11.61 

11.66 

12.08 

11.44 

12,14 

12.05 

11  .84 

12.43 

11.99 

4 

156115 

-47.4 

16.0 

-IS. 38  -19.78  -30.01 

12.73 

17.04 

16.01 

12.26 

16.26 

14,77 

12.72 

16.77 

14.67 

4- 

156116 

-47.5 

18.0 

-15.69  -20.49  -29.79 

17.33 

15.71 

16.47 

15.74 

15.30 

15.09 

16.37 

15.77 

14.98 

4 

156119 

-6F.1 

22.0 

-15.38  -20.38  -28.69 

30.01 

25.45 

25.50 

23.51 

21.00 

21.37 

23.51 

21.08 

21 .32 

4- 

156120 

-6f.4 

23.0 

-16.11  -21.23  -29.56 

25.62 

21.82 

21.33 

21.15 

19.23 

19.26 

21.09 

19.31 

19.20 

4 

156121 

-63  .6 

2 5.0 

-16.80  -21.52  -29.57 

20.07 

18.68 

20.76 

17.81 

17.50 

18.55 

18.02 

17.73 

18.47 

4 

156122 

-63.7 

26.0 

-17.60  -21 .96  -30.62 

17.37 

17.45 

17.46 

16.15 

16.80 

16.55 

16.34 

17.03 

16.47 

4 

157101 

167.1 

12.0 

-15.77  -24.93  -29.67 

16.26 

12.18 

16.63 

18.66 

1 4 . 51 

18.46 

17.51 

1^.25 

18.59 

H 

157102 

172-6 

13.0 

-16.37  -23.41  -29.30 

16.60 

14*70 

17*86 

17.16 

16.76 

19.38 

15.97 

16,28 

19.57 

K 

157103 

163.2 

16.0 

-15.86  -23.29  -29.46 

17.88 

14.43 

17.19 

18.54 

16.29 

18.64 

17.63 

16.01 

18.74 

M 

157104 

169.0 

1 S , 0 

-14.02  -21.02  -27.71 

25.68 

20.67 

22.41 

23.53 

20.81 

23.20 

21.71 

20.12 

23.43 

M 

157105 

174.8 

25.0 

-12.93  -19.58  -26.84 

33.46 

27.94 

26.07 

27.30 

24.73 

25.99 

24.68 

23.61 

26.33 

M 

157106 

-179.7 

34.0 

-13.96  -13.01  -25.89 

26.62 

39.43 

30.77 

23.32 

29,86 

29.44 

2i.04 

28.30 

29.86 

M 

ro 

>v| 

157107 

-174.1 

42.0 

-12.90  -18.45  -25.68 

33.58 

34.98 

31 .67 

27.43 

28.11 

3C.24 

24.84 

26.76 

30.65 

M 

io 

157108 

-153.3 

51.0 

-12.07  -14.88  -21.69 

34,43 

44.78 

52.91 

32.60 

37.61 

4 8.18 

32.20 

37.18 

48.29 

M 

157109 

-112.6 

50.0 

-12.78  -13.97  -22.16 

41.82 

47.87 

46.06 

51.14 

58.42 

57.69 

53.27 

58.56 

57.47 

M 

157111 

-46.1 

31.0 

-13.04  -15.44  -24.94 

24.57 

29.71 

30.73 

21.71 

25.01 

25.75 

22.83 

25.86 

25.53 

M 

15T113 

-21  .6 

18.0 

-13.26  -18.83  .00 

12. 38 

12.75 

.00 

20.08 

17.22 

.00 

21.02 

17.77 

.00 

« 

157114 

-17.9 

16.0 

-16.56  .00  .00 

12.00 

.00 

.00 

14.15 

.00 

• 00 

14.66 

.00 

.00 

M 

162104 

-2t  .8 

7.0 

-25.50  -29.80  -38.05 

10.29 

9.92 

10.27 

10.12 

9.23 

9,39 

10.04 

9.17 

9.44 

4 

1.^- 

162105 

-29.1 

9.0 

-24.36  -29.17  -41.54 

10.45 

10.02 

9.21 

10.10 

9.39 

8.73 

10.14 

9.36 

8.86 

4“ 

lo2106 

-34.5 

9.0 

-2l.l4  -25.72  -38.96 

"'0.80 

10.49 

8.72 

10.49 

10.52 

9.0E 

10.78 

10.69 

9.16 

4 

r 

1o2107 

-34  .7 

9.U 

-21.12  -26.33  -32.19 

10.80 

10.25 

12.27 

10.49 

10.26 

12.15 

10.78 

10.39 

12.08 

4- 

o 

162109 

-75  .3 

5.0 

-22.23  -27.79  -35.70 

10.98 

10.40 

9.67 

11.66 

11 .77 

11.22 

11.73 

11.75 

n.23 

4 

162110 

-7C.7 

12.0 

-19.36  -24.12  -33.30 

14.51 

14.38 

12.48 

14.35 

14.94 

13.31 

14.35 

15.00 

13.29 

4 

1 02111 

-75.9 

15.0 

-17.56  -23.08  -32.68 

21.59 

18.27 

14.16 

18.81 

17.14 

14.11 

18.35 

17. OA 

14.11 

■4 

O 

162112 

-106.2 

13.0 

-19.70  -24.33  -34.51 

18.18 

17.71 

12.94 

16.97 

16.44 

12.30 

16.70 

16.39 

12.29 

4 

B 

162113 

-106.5 

7.0 

-25.37  -31.82  -34.66 

11.15 

10.50 

12.78 

10.70 

10.01 

12.17 

10.83 

9.91 

12.17 

4 

j-4 

1o2n4 

-86.7 

8.0 

-26.97  -31.87  -37.85 

9.32 

9.12 

8.73 

10.17 

9.91 

9.96 

10.19 

9.75 

10.01 

4 

21 o 202 

169.6 

17.4 

-15.23  -22.08  -30.48 

20.25 

17.55 

15.16 

19.90 

18.77 

17.04 

18.46 

18.21 

17.17 

4 

■J 

216203 

179  .6 

14.8 

-16.65  -23-66  -31.76 

15.86 

14.36 

12.94 

16.48 

16.54 

15.14 

15.28 

16.03 

15.27 

4 

216204 

-167.5 

13.3 

-18.97  -23.81  -31.97 

11.82 

13.79 

12.61 

13.30 

15.92 

14,74 

12.90 

15.57 

14.82 

B 

O 

216205 

-157.6 

12.7 

-18.81  -22.96  -32.49 

12.30 

14.60 

11.96 

13.58 

16.15 

13.60 

13.41 

15.99 

13.62 

B 

216  206 

-149.7 

12.6 

-16.85  -22.12  -30.60 

15.81 

15.40 

14.79 

16.60 

16.42 

15.30 

16.44 

16.42 

15.29 

B 

. •* 

216  207 

-142.7 

12.9 

-16.03  -19.19  -29.11 

18.11 

20.15 

17.51 

18.72 

21.18 

17.10 

18.67 

21.23 

17.06 

4 

■ ■ 

216208 

-13f  .8 

13.7 

-16.13  -20.24  -29.80 

18.37 

17.89 

16.39 

19.00 

18.99 

1 5.89 

19.02 

19.13 

15.84 

4 

216  209 

-136.7 

14.6 

-16.96  -18.6ft  -29.22 

17.01 

20.68 

17.49 

17.40 

22.59 

16.92 

17.46 

22.73 

16.86 

D 

220202 

-114.5 

14.0 

-23.45  -26.99  -35.70 

1 2 . '»4 

13.51 

11  .47 

11.58 

12.71 

11.23 

11.74 

12.80 

11  .22 

D 

22  0203 

-113.6 

14.7 

-24.53  -29.18  -33.49 

1 1 . 66 

11.95 

13.73 

10.96 

11.14 

13.22 

11.13 

11.17 

13.19 

C 

220205 

-123.8 

12.4 

-27.63  -23.77  -35.80 

9.78 

15.13 

10.78 

10.10 

15.22 

10.74 

10.11 

1 5.40 

10.74 

C 

220206 

-135-.8 

11.8 

-26.78  -28.19  -36.28 

9.40 

10.63 

10.10 

10.63 

1 0.09 

10.09 

10.66 

10.11 

4 

220207 

-142.9 

1 1.4 

-24.32  -31.04  -37.92 

9.65 

9.13 

^ ft 

10.29 

9.53 

9.51 

10.41 

9.42 

9.57 

B 

220208 

-148.8 

11.2 

-19.40  -25.68  -33.56 

12.16 

11.42 

11,00 

12.91 

12.47 

11.99 

12.97 

1 2.50 

11  .99 

4 

220209 

-145.8 

10.2 

-19.66  -25.69  -32.86 

12.14 

11.50 

11.87 

12.67 

12.30 

12.42 

12.78 

12.36 

12.41 

4- 

..jx  aw  V u.  Wj  V 

ain,  m ziiiiaioaoos® 


TABLE  8.18  (2) 


220210 

-13C.7 

9.2 

-22.27  -29.20  -33.02 

10.73 

9.89 

12.02 

10.96 

10.11 

12.10 

11.16 

10.08 

12.08 

C 

22021  1 

--13C.7 

8.3 

-25.J5  -21.26  -32.15 

10*  16 

1o.9l 

13.67 

10.27 

17.98 

13.26 

10.40 

16.18 

13.21 

c 

220303 

15.0 

10.1 

-16.77  .00  .00 

11 .94 

.00 

.00 

14.00 

.00 

.00 

14.46 

• 00 

.00 

c 

220304 

•5.4 

9.9 

-16.31  ,00  .00 

11.66 

.00 

.00 

14.85 

.00 

.00 

15.21 

.00 

.00 

c 

220305 

-17*8 

1 2 . T 

-2A.36  .00  .00 

12.51 

.00 

.00 

10.12 

.00 

.00 

10.20 

.00 

.00 

c 

220307 

-15.5 

17./ 

-2A.26  .00  .00 

13.01 

.00 

.00 

10.13 

• 00 

.00 

10.22 

.00 

.00 

c 

22030S 

-17*8 

16.9 

-22.09  .00  .00 

12.35 

.00 

.00 

10,43 

.00 

.00 

10.68 

.00 

.00 

c 

220309 

-23.2 

15.2 

-21.10  .00  .00 

11*71 

.00 

.00 

10.61 

.00 

.00 

10.92 

.00 

.00 

♦ 

220310 

-26  *6 

14.4 

-2l.6l  .00  .00 

11.30 

.00 

.00 

10.45 

,00 

.00 

10.72 

.00 

• 00 

♦ 

220402 

3f  .8 

7,1 

.00  -32.68  .00 

.00 

8.40 

.00 

.00 

8.60 

.00 

.00 

8.34 

• 00 

♦ 

22UA04 

31.2 

8.6 

•00  -39.10  .00 

.00 

9.56 

.00 

.00 

9.13 

.00 

.00 

9.04 

.00 

220405 

27*7 

9.0 

•00  -29.76  -00 

.00 

10.09 

.00 

.00 

9.26 

.00 

.00 

9.20 

.00 

> 

22C406 

25.6 

9.3 

.00  -29. A4  .00 

.00 

10.47 

• 00 

.00 

9.38 

.00 

.00 

9.34 

• 00 

♦ 

22C407 

22.4 

9.3 

.00  -31.33  .00 

.00 

10.79 

.00 

.00 

8.99 

.00 

.00 

8.86 

.00 

♦ 

245204 

117.1 

10.0 

-27.41  -25.71  -36.05 

10.11 

14.34 

11.04 

10.15 

13.75 

10.90 

10.21 

13.87 

10.90 

w 

245205 

95.9 

12.0 

-28.99  -34.31  -38.47 

9.25 

8.93 

9.02 

10.10 

9*21 

9.74 

10.04 

8.98 

9.60 

H 

245206 

76.1 

14.0 

-24.00  -29.03  -35.39 

9. 82 

9.63 

10.09 

10.72 

11.00 

11.44 

10.82 

10.96 

11  .45 

M 

245207 

57.7 

18.0 

-21.41  -24.31  -33.47 

10*42 

11.85 

11.22 

11.06 

12.84 

12.20 

11.33 

13.08 

12.16 

M 

24520fc 

51  .6 

24.0 

-18.04  -23.35  -30.62 

13.69 

12.28 

15.49 

13.10 

12.84 

14.53 

13.55 

13.15 

14.44 

n 

245209 

64.6 

33.0 

-18.04  -21 .59  -28.99 

16.35 

18.88 

23.25 

15.52 

17.63 

20.05 

15.69 

17.84 

19.96 

n 

24  5 210 

86.4 

39.0 

-15.19  -19.32  -25.51 

39.85 

40.51 

46.58 

30.24 

28.06 

33.10 

28.87 

27*25 

33.31 

M 
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107.3 

37.0 

-14.36  -18.75  -25.96 

37.15 

31  .78 

31.^1 

39.61 

30.91 

32.52 

39.33 

30.54 

32.52 

f1 

245213 

126.9 

28.0 

-14.03  -19.64  -26.78 

27.00 

19.95 

23.40 

31.77 

22.28 

24.54 

32*41 

22*47 

24.44 

K 
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132.8 

24.0 

-15.62  -22.38  -28.85 

20*65 

15.32 

18.42 

22.03 

15.92 

17.96 

22.15 

16,11 

17.91 

M 

245215 

136.5 

21.0 

-16.86  -22.62  -29.41 

17.24 

14.73 

17.17 

17.67 

15.30 

16.60 

17.72 

15*46 

16.54 

M 

24  5 216 

14C.3 

16.0 

-17.43  -24.05  -31.32 

15.65 

13.08 

14*02 

15.97 

13.59 

13.82 

16.02 

13.71 

13.78 

M 

24  5 217 

143.0 

15.0 

-18.02  -21.16  -31.73 

14.40 

16.53 

13.35 

14.78 

17.37 

13.4  2 

14.83 

17*46 

13.39 

M 

245218 

146.9 

12.0 

-21.34  -23.42  -33.39 

10*72 

9.87 

11.25 

11.36 

10.64 

12.02 

11.52 

10.63 

12.02 

M 

245219 

15C.7 

9.0 

-26.73  -33.45  -38.93 

8.98 

8.32 

7.22 

10.10 

9.06 

9.37 

10.06 

6*84 

9.44 

M 

245220 

152.3 

7.0 

-30.43  -34.28  -38.51 

8.9i 

8.16 

7.35 

10.41 

8.92 

9.53 

10.00 

8,67 

9.60 

« 

252103 

126.2 

11 .? 

-28.01  -34.75  -37.94 

9.58 

9.14 

9.18 

10,11 

8.77 

9.66 

10*05 

8*52 

9*70 

C 

252104 

120.9 

11.8 

-26.52  -30.40  -35. 8« 

10.28 

10.84 

10.96 

10.21 

10.17 

10.86 

10.31 

10.15 

10.66 

c 

252105 

114.8 

11.1 

-24.48  -28.06  -36.81 

11.64 

12.63 

10.57 

10.95 

11.83 

1 0.53 

11.13 

11.89 

10.54 

252106 

106,6 

11.1 

-24.87  -29.56  -35.77 

11.48 

11.84 

11  .64 

10.91 

11.14 

11.26 

11.04 

11*11 

11.29 

D 

252107 

95.5 

10.9 

-23.36  -30.21  -38.49 

12.12 

10.77 

8*98 

11.68 

10.60 

9.73 

11.67 

10,69 

9.79 

D 

252108 

86.1 

11.5 

-30.71  -37.20  -40.01 

8.90 

7.97 

7.31 

10*27 

8*59 

9.23 

9.99 

6.23 

9.32 

♦ 

252110 

79.9 

10.1 

-16.50  -21 .17  -29.76 

26.50 

27.16 

22.63 

22.87 

21.58 

19,03 

22. Oo 

21.22 

19.07 

252111 

74,7 

7.5 

-20.32  -24.83  -34.81 

13.39 

13.93 

10.66 

13.48 

14.51 

11.90 

13.42 

14.50 

11.90 

♦ 

252112 

59,5 

4.4 

-24.96  -30. 8«  -39.01 

9.09 

8.30 

6.64 

10.15 

9.44 

9.35 

10.24 

9.36 

9.A1 

4- 

>52113 

-11,6 

2.4 

-35.94  -39.11  -41.01 

19.20 

14.56 

16.76 

11.46 

8.17 

8.96 

10.27 

7.67 

9.06 

♦ 

252114 

-57.8 

5.3 

-24.60  -28.67  -37.84 

9.15 

8.88 

7.27 

10.16 

10.11 

9.67 

10.27 

10*15 

9.70 

4 

252115 

-63.8 

8.7 

-19.60  -23.82  -31.85 

12.89 

13.45 

14.49 

13.12 

14.28 

14,66 

13.35 

14.48 

14  *.60 

♦ 

252116 

-61 .0 

11.4 

-21.58  -25.65  -35.87 

10.44 

10.63 

8.70 

11.19 

11.99 

10.71 

11.46 

12.15 

10*71 

0 

252117 

-52.1 

13.5 

-17.18  -22.26  -31.55 

15.35 

13.79 

13.80 

14.27 

13.98 

13.47 

14.76 

14.3  5 

13.39 

4 

252118 

-41.2 

15.1 

-14.46  -19.35  -29.57 

17*40 

15.79 

15.56 

16.97 

15.98 

14.85 

17.76 

16.52 

14  .74 

4 

252119 

-28.3 

17.7 

-17.43  -22.2?  -32.29 

12.29 

12.07 

12.33 

12.68 

12.86 

12.41 

13.21 

13.23 

12*33 

D 

252120 

-20.4 

18.9 

-23.27  -27.37  -36.86 

11.97 

11  .64 

12.60 

10.20 

10.15 

9.99 

10.37 

10.24 

10.00 

D 

252121 

-14.5 

20.8 

-20.37  -25.63  -35.52 

12.51 

12*52 

13.70 

11.07 

11.09 

10.75 

11.40 

11.25 

10.73 

0 

252122 

-11.5 

20.6 

-24.28  -26.95  -36.54 

13.89 

13. OC 

14.63 

10.14 

10.48 

10*28 

10.23 

10.58 

10.28 

B 

252123 

-11  .5 

20.5 

-26.59  -31.21  -37.07 

14.70 

15.52 

14.87 

10.13 

9.12 

1 0.05 

10.02 

9.00 

10.06 

B 

232124 

-11.6 

20.0 

-24.15  -27.26  -37.06 

13.82 

13.03 

14.84 

10.15 

10.35 

10*05 

10*25 

10.43 

10.06 

B 

252127 

-6.6 

13.4 

-14.63  -16.64  -27.89 

11.24 

11*65 

11.15 

17.78 

22.30 

20.1  1 

18.22 

22.75 

19.96 

A 

252128 

.5 

11.5 

-13.12  -16.09  -26.85 

10.77 

11  .43 

10.57 

21.59 

23.73 

22.66 

22*13 

24*15 

22.50 

A 

252129 

11  . 5 

10.8 

-13.21  -13.07  -27.97 

11.18 

12*06 

11.51 

21.05 

19.18 

19.81 

21.77 

19.64 

19.65 

B 

252130 

22.6 

10.0 

-13.92  -13.17  -28.49 

12.49 

12.98 

12.93 

18,37 

18.20 

17.85 

19.20 

1 8*79 

17*69 

B 
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30.7 

9.0 

-15.87  -21.21  -30.91 

13.  l4 

12.58 

13.00 

14.36 

13.71 

13.58 

15.00 

14.15 

13.48 

B 

252132 

28. 8 

6.8 

-20.87-27.62  -40.18 

11.27 

10.41 

9.66 

10,62 

9.67 

8.93 

10.95 

9*93 

9*03 

B 
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216103 

-146.2 

16.1 

-16.13  -23.39  -29.57 

17.74 

13.62 

16.63 

18.34 

14.38 

16.4  0 

16.27 

14.48 

16.37 

♦ 

216105 

-143.3 

14.0 

-17.13  -23.7"  -30.25 

15.82 

13.23 

15.48 

16.29 

13. 93 

15.30 

16.28 

14.02 

15.27 

216107 

-14C.8 

12.3 

-17.94  -25.05  -30.96 

14.78 

12.20 

14.49 

15.06 

12.67 

14.25 

15.12 

12.77 

14.21 

♦ 

216111 

-122.3 

14.4 

-21.21  -25.54  -31.96 

13.70 

13.73 

14.72 

12.98 

13.37 

14.36 

13.14 

13.52 

14.30 

♦ 

216113 

-118.7 

17.3 

-20.94  -25.05  -31.74 

14.54 

14.72 

15.40 

13.74 

14.30 

15.06 

13.85 

14.44 

15.02 

B 

216115 

-124.0 

16.0 

-19.68  -24.25  -30.99 

15.22 

14.62 

15.83 

14.79 

14.58 

15.53 

14.91 

14.75 

15.46 

B 

216114 

56.1 

11.4 

-18.13  -20.35  -29.54 

14<  26 

19.09 

19.06 

13.72 

17.48 

17.06 

14.11 

17.89 

16.95 

B 

220103 

-141 .2 

11.8 

-25.74  -26.10  -36.22 

9.37 

11.43 

9.22 

10,13 

11.86 

10.12 

10.17 

11.93 

10.15 

22  0105 

-14C  .8 

13.1 

-27.07  -33.96  -37.18 

9 . 16 

8.58 

8.64 

10.11 

8.82 

9.73 

10.04 

8.57 

9.78 

D 

220107 

-133.9 

V3.6 

-23.72  -30.26  -35.13 

10.50 

9.92 

10.51 

10.54 

9.78 

10.70 

10.73 

9.73 

10.70 

D 

220109 

-ioe.3 

16.6 

-22.64  -29.10  -34.58 

13.49 

12.18 

12.61 

12.47 

11 . 39 

12.24 

12.53 

11.39 

12.23 

D 

220111 

-112.6 

14.6 

-20.87  -26.29  -32.17 

15.46 

14*36 

15.48 

14.47 

13.53 

14.94 

U.48 

13.60 

14.69 

D 

220113 

-12C.8 

14.3 

-19.63  -25.48  -32.25 

15.92 

13.99 

14.52 

15.46 

13.59 

14.15 

15.54 

13.73 

14.09 

D 

220102 

10*^. 0 

9.1 

-19.12  -24.07  -30.66 

19.07 

17.67 

18.31 

16.20 

16.67 

l7.6l 

17.97 

16.68 

17.58 

4 

220104 

1U.7 

6.9 

-25.78  -29.37  -36. 61 

10.87 

11.77 

10.73 

10.46 

10.98 

10.65 

10.61 

11.00 

10.65 

■4 

220106 

106.4 

4.8 

-34.82  -37.10  -35.90 

8*91 

8.77 

11.52 

10.80 

8.63 

11.19 

10.10 

8.31 

11.20 

4 

220108 

79.4 

3.5 

-3r.60  -34.05  -36.44 

8.90 

8.17 

9.29 

10.30 

9.13 

10.72 

9.99 

8.90 

10.75 

4 

220110 

44.7 

4.0 

-27.22  -32.42  -36.68 

8 . 97 

8.2  2 

8.50 

10.27 

8.69 

9.66 

9.99 

8.47 

9.69 

4 

220112 

4 0.4 

3.0 

-31.19  -34.06  -35.93 

8.90 

8.18 

9.34 

10.89 

8.45 

9.89 

10.10 

8.13 

9.91 

4 

fO 
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VV 

HH 
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VV 
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156102 

6*8 

14.0 

-17.81  -23.37  -33.11 

13.32 

12.84 

14.13 

11.84 

11.20 

10.82 

12.08 

11.39 

10.86 

♦ 

156103 

1 .4 

13.0 

-15.93  -18.93  -31.28 

13.24 

12.97 

14. C9 

13.35 

12.  ?8 

12.12 

13.67 

12.28 

12.18 

A 

156104 

1.0 

13.0 

-15.56  -18.92  -30.14 

15.22 

12.97 

13.96 

13.72 

12.08 

1 3. 16 

14.07 

12.29 

13.24 

A 

156105 

•4.3 

13.0 

-16.28  -19.39  -31.09 

13.28 

12.94 

14.06 

13.06 

11.79 

12.34 

13.36 

11.99 

12.40 

A 

156106 

-14.7 

12.0 

.00  -21 .22  .00 

.00 

12.74 

.00 

.00 

11.09 

.00 

.00 

11.27 

.00 

A 

156107 

-20. 0 

1 0 .0 

-18.85  -21.64  -33.41 

13.11 

12.60 

12.79 

11.50 

11.10 

11.00 

11.65 

11.27 

11.02 

♦ 

156108 

-25.4 

8.0 

-18.24  -21.12  -32.79 

13.24 

12.83 

12.46 

12.00 

11.66 

11.46 

12.11 

11.82 

11.48 

♦ 

156109 

-35.6 

4.0 

-19.19  -22.79  -33.74 

12.31 

11  .51 

10.42 

11.20 

10.71 

10.53 

11.25 

10.80 

10.53 

4 

156113 

-61  .8 

13.0 

-18.18  -23.91  -31.59 

11.99 

12.21 

11.24 

11.92 

12.48 

12,32 

12.25 

12.86 

12.42 

4 

15  6114 

-5  7.0 

14.0 

-17.31  -20.03  -30.84 

12.94 

13.25 

12.48 

12.67 

13.48 

13,18 

13.15 

13.85 

13.27 

4 

156115 

-47.4 

15.0 

-17.63  -20.19  -30.67 

13.09 

13.42 

13.22 

12.45 

13.01 

13.12 

12.55 

13.19 

13.16 

4 

156116 

-47.6 

17.0 

-14.51  -17.54  -28.17 

16.67 

16.82 

18.01 

16.21 

16.35 

16.19 

16.46 

16.75 

16.28 

4 

15c117 

-47.8 

18.0 

-13.80  -17.27  -27.18 

17.66 

17.22 

20.46 

17.37 

16.78 

17.73 

17.72 

17.23 

17.85 

4 

156118 

-67.9 

20.0 

-13.16  -16.47  -27.10 

16.47 

16.92 

18.63 

17.84 

17.89 

17.42 

18.96 

19.04 

17.70 

4 

156120 

-6f  . 4 

23.0 

-14.21  -17. A4  -27.00 

15.28 

15.62 

18.82 

15.98 

16.15 

17.49 

16.82 

17.03 

17.77 

4 

156121 

-6P.5 

24.0 

-15.23  -17.83  -27.52 

14.27 

15.13 

17.70 

14.50 

15.54 

16,64 

15.15 

16.33 

16.90 

4 

156122 

-63.8 

25.0 

-15.38  -i7.S4  -27.81 

14.45 

15.47 

17.68 

14.83 

16.11 

16.87 

15.43 

16.92 

17.10 

4 

157101 

161  .7 

11  .0 

-17.76  -22.36  -30.79 

12.12 

12.06 

13.79 

13.06 

12.86 

14.43 

12.76 

12.50 

14.35 

« 

157102 

172.6 

12.0 

-15.45  -21.51  -29.94 

13.62 

12.23 

14.04 

13.46 

12.55 

13.96 

13.16 

12.25 

13.91 

M 

157103 
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16.0 

-14.10  -19.59  -28.24 

17.42 

15.58 

17.56 

17.3? 

1 5 • 83 

17.64 

17.01 

15*37 

17.58 

n 

157104 

164,3 

18.0 

-V2.66  -18.12  -27.12 

20.32 

18.09 

19.57 

19.75 

17.99 

19.3  8 

19.46 

17.53 

19,33 

M 

fo 

157105 

•-179.8 

22.0 

-11.95  -16.77  -25.95 

18.98 

19.19 

20.24 

17.39 

18.16 

19.06 

16.95 

17.75 

19.02 

M 

VI 

O) 

157106 

-159.1 

29.0 

-12.95  -16.19  -26.36 

2V.59 

24.07 

22.37 

21.14 

23.34 

22.02 

20.80 

22.91 

21.95 

M 

15  7107 

-157.9 

38.0 

-13.73  -17.91  -27.57 

2 0 . 04 

19.85 

19.87 

19.87 

19.66 

19.79 

19.43 

19*08 

19.70 

M 

\ ^ M 

157108 

-14C.1 

41.0 

-13.96  -15.05  -25.36 

25.97 

33.83 

29.26 

24.12 

31.04 

26.98 

23.11 

30.35 

26.79 

M 

'1  f|i 

157109 

-111.1 

39.0 

-11.98  -14.46  -24.32 

24 . 74 

25.02 

24.21 

33.38 

33.80 

31.27 

35.41 

35.50 

31.52 

M 

-X.S  ■ 

io2104 

-2f.7 

6 . u 

-23.41  -26.08  -36.38 

10.63 

10.15 

9 .62 

9.23 

9.17 

9.14 

9.35 

9.28 

9.13 

4 

II 

162105 

-28.9 

9.0 

-22.15  -25.13  -37.09 

11.15 

1 0 . 58 
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20.01 

20.51 

1 9.3  7 

19.1 8 
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8 

• 03 

5 

.23 

5 

.22 

5 

• 61 

5 

.71 

6 

.41 

5 

.94 

5 

.20 

5 

.78 

6 

.04 

19.87 

18. 53 

1 9.77 

20.92 

19.30 

19.99 

A 

18.10 

16.86 

1 7.7  6 

16.89 

1 7.43 

17.93 

A- 

20.19 

18.55 

19.19 

21.15 

19.34 

19.37 

8 

20.88 

18.35 

17.97 

21.63 

18.99 

18.09 

B 

16.77 

15.31 

14.37 

16.97 

15.57 

14.42 

B 

9.31 

8.75 

8.75 

9.45 

8.87 

8.74 

B 

14.26 

12 .34 

13.96 

13.57 

11.82 

13.82 

♦ 

19.95 

15.32 

16.73 

18.92 

14.53 

16.55 

♦ 

16.95 

16.20 

1 7.28 

17.92 

15.35 

17.10 

15.10 

14.44 

14.93 

14.36 

13.79 

14.78 

♦ 

16.60 

16.35 

16.12 

16.21 

15.78 

16.02 

B 

19.36 

18.23 

19.75 

18.90 

17.76 

19.69 

B 

16.79 

1 5 . 60 

15.62 

17.01 

15.89 

15.68 

♦ 

16.23 

15.02 

15.17 

16.45 

15.30 

15.24 

♦ 

14.53 

13.34 

13.70 

14.68 

13.53 

13.76 

♦ 

14.36 

13.49 

13.63 

14.53 

13.71 

13.69 

4' 

14.34 

14.01 

13.86 

14.55 

14.30 

13.95 

4 

14.12 

13.40 

13.22 

14.33 

13.65 

13.28 

c 

14.73 

15.19 

15.65 

15.07 

15.66 

15.78 

B 

16.13 

13.54 

13.74 

15.25 

12.89 

13.58 

4 

11.93 

11.35 

11.29 

11.45 

10.93 

11  .16 

0 

11.86 

10.62 

11 .13 

11.39 

10.29 

11  .01 

D 

15.07 

12.93 

13.81 

14.85 

12.71 

13.77 

C 

11.1  5 

10.36 

11.12 

11.05 

10.26 

11.08 

B 

13.36 

11.75 

13.35 

12.97 

1 1 .46 

13.27 

6 

15.78 

14. 01 

14.39 

16.19 

14.10 

14.47 

4 

12.18 

11.46 

11.44 

12.37 

11. 49 

11.47 

4 

7.64 

7.41 

7.34 

7.53 

7.37 

7.33 

4 

7.6  5 

7.29 

7.39 

7.47 

7.19 

7.41 

4 

7.75 

7.86 

8.31 

7.78 

7.92 

8.30 

4 

7.66 

7.54 

8.14 

7.60 

7.55 

8.12 

4 

A 


TABLE  8.18  (7) 


jL2-3  COirAND  ANGLE  3 
ASPrCT  HEX. 
A4CLE  WIND 


SIGMA t DB 
VV  HH  HV^VH 


REDUCTION  A 

VV  HH  HV^VH 


REDUCTION  5 
VV  HH  HV^VH 


REDUCTION  6 ClUAL 
VV  HH  HV»VH 


156102 
156103 
1S6104 
156105 
156107 
156108 
156109 
156110 
1561U 
156115 
156116 
156117 
156118 
156119 
156121 
156122 
157102 
157103 
To2102 
162103 
Io2l05 
162106 
162107 
;lo2108 
1o2109 
162111 
162112 
162113 
1o2114 
216202 
216203 
216204 
216205 
216206 
216207 
^16208 
>16209 
216210 
220  202 
220203 
22  0 204 
220205 
220207 
220208 
220209 
220210 
22  0 211 
220212 
220305 
220306 
220307 
22 0308 
220309 


11*8 

6,4 

1.0 

.7 

-15.1 
-2  f .3 
-25.7 
-36.1 
-62.0 
-57.3 
-47.5 
-47.9 
-4f  .0 
-6F  .3 
-6  :.6 
-6  .0 
157.9 
159.0 
-2.6 
-f  .0 
-28.8 
-28.8 
-34.5 
-34.8 
-34.9 
-75.5 
-7C.8 
-81  .0 
-106.2 

159.6 

163.7 
169.6 

-179.5 
-167.7 
-156.8 
-148  .8 
-143.9 
-139.9 
-131.6 
-12(  .6 
-114.9 
-116.9 
-130.1 
-14T.0 
-147.0 
-149.9 
-145. B 
-138.9 
1.8 
-12.7 
-19.3 
-17.4 
-17.9 


14.0 

14.0 

13.0 

13.0 

12.0 
10.0 

6.0 

4.0 

13.0 

14.0 

15.0 

17.0 

16.0 

20.0 

23.0 

24.0 

11.0 

14.0 

8.0 

5.0 

6.0 
9.0 
9.0 
9.0 

9.0 

8.0 

14.0 

15.0 

10.0 
20.6 

19.0 
16.6 

14.3 

13.1 
12.7 

12.7 
13.1 

14.0 

8.2 

11.4 

15.4 

14.1 

12.1 
11.6 
11  .4 

10.8 
9.9 
8.8 
9.7 

10.8 

13.5 

16.6 
17.6 


-12.86 
-13.01 
-11.63 
-11.47 
-13.46 
-13.27 
-13.70 
-14.11 
-13.80 
-12.8  3 

-13.04 

-11.27 

-10.70 

-9.65 

-10.60 

-10.90 

-15.27 

-12.96 

-18.97 

-20.26 

-18.94 

-15.59 

-15.51 

-13.64 

-14.71 

-14.14 

-12.65 

-11.86 

-13.65 

-7.19 

-7.89 

-9.71 

-11.16 

-12.92 

-11.27 

-10.84 

-9.92 

-10.25 

-15.78 

-14.03 

-13.69 

-17.10 

-16.11 

-14.70 

-13.64 

-12^21 

-12.01 

-14.42 

-14.95 

-13.72 

-14.29 

-14.58 

-14.24 


-13.54  - 
^13.10  • 
-12. 7 P 
-12.59 
-14.51 
-13.91 
-14.64 
-15.14 
-14.27 
-13.70 
-13.64 
-12.10 
-12.16 
-10.61 
-11.60 
-11.65 
-17.63 
-15.02 
-19.35 
-21 .80 
-19.07 
-16.23 
-15.62 
-13.55 
-14.88 
-14.95 
-13. 2P 
-12.66 
-14.5*^ 
-8.99 
-9.63 
-11  .78 
-12.99 
-14.08 
-13.49 
-11 .99 
-11 .69 
-11 .32 
-15.86 
-14.28 
-13.75 
-21  .5P 
-16.47 
-15.38 
-14.40 
-12.94 
-13.16 
-15.14 
.00 
.00 
.00 
.00 
.00 


■27.76 
-28.15 
-26.95 
-26.89 
-28.41 
-29.11 
-29.03 
-29.28 
-27.67 
-27.34 
-27.79 
-24.82 
-24.87 
-23.60 
-24.27 
-24.36 
-30.86 
-27.74 
-34.43 
-38.88 
-34.88 
-32.32 
-31.16 
-28.35 
-30.79 
-29.95 
-27.29 
-26.91 
-29.64 
-21 .89 
-22.65 
-24.63 
-26.01 
-27.25 
-26.70 
-25.22 
-24.93 
-23.90 
-30.95 
-28.47 
-27.90 
-33.40 
-30.73 
-30.69 
-29.32 
-26.56 
-26.64 
-29.94 
.00 
• 00 
.00 
• 00 
• 00 


13.67 

13.65 
14.25 
14.44 

13.22 
13.18 
12.60 

11.65 

11.22 
12.36 
12.38 
14.94 
15.92 

16.24 
14.84 

14.43 
9.31 

11.75 

11.18 

10.43 
8.67 

10.83 

10.46 

12.20 

11.13 

11.24 
12.41 

13.21 
13.45 
24.67 
21.94 
16.58 

13.44 

11.21 
14.52 
16.03 
18.18 
17.70 
11.36 
13.51 
13.76 
11.60 
11.26 
11.54 
12.01 
13.64 
14.33 
11.94 
12.78 
13.13 
12.47 
12.39 
12.59 


13.61 
13.83 
14.08 

14.21 
12.89 
13.33 

12.62 
11.88 
12.12 
12.82 
12.96 

15.22 
15.13 
15.58 
14.27 

14.39 
8.26 

11.05 

10.40 

9.22 

9.23 
11.18 
11.30 

13.60 
12.17 
11  .64 
12.82 
13.07 
13.16 
25.15 
22.78 
16.26 
13.46 
11.88 
13.44 

16.61 
17.24 
17.82 
12.32 
13.85 
13.98 
10.29 
11.92 
12.15 
12.77 
14.81 
14.65 
12.49 

.00 
.00 
• 00 
.00 
.00 


U.17 
14.09 

14.62 
14.65 
13.73 
13.05 
12.75 
11.82 
12.37 
12.87 
12.75 

16.70 

16.62 

16.71 
15*84 
15.69 

9.18 

12.20 

11.62 

10.04 

8.64 

10.14 

10.37 

12.79 
10.63 
10.68 
12.59 
12.92 
12.71 
21.96 
19.90 

15.80 
13.48 
12.23 
13.67 
16.  c 
17.25 

19.04 
11.31 
13.74 

14.04 
10.76 
11.60 

10.81 
11.47 
14.45 
14.67 
11.57 

.00 
.00 
.00 
.00 
.00 


13.19 

13.06 
14.30 
14.72 

12.56 

12.57 
11.92 

11 .06 
11.5  2 

12.35 

11.83 
13.60 
14.27 
16.20 

14.84 
14.43 
11.70 
13.91 

8.97 

8.43 

8.62 

10.36 
10.16 
11.47 
10.67 
10.88 

12.38 
12.77 

13.39 
23.49 

21.51 
17.58 
15.07 

13.51 
16.14 
16.95 
18.56 
18.16 
11.66 
13.92 
14.25 
10.91 
11.45 

12.36 

13.36 
15.01 
15.31 
12.67 
11.38 

12.36 
11.72 
11.53 
11.81 


13.05 
13.37 
13.77 
14.00 
12.13 
12.60 
11. 79 
11.04 

12.03 
12.59 
12.13 

14.04 
13.97 
16.50 
14.64 
14.83 
10.85 
13.34 

9.16 

8.40 
9.11 

10.52 
10.61 
12.40 
11.27 
10.88 
12.68 
1 2 . 66 
12.78 
24.09 

22.25 
17.51 
1 5 . 34 
14. 23 

15.25 
17.50 
17.95 
18.67 

12.40 
14.48 
14. 93 

8.77 
11.86 
12.75 
13.92 
15.97 
15.56 
13.02 


13.51 
13.18 
14.26 
14.34 
12.90 
12.17 
11.94 
11.10 
12.40 
12.62 
11.96 

14.71 
14.66 

16.59 

15.72 

15.59 
11.62 
14.30 

9.15 
7.55 
B.55 
9.70 
10.02 
11.83 
10.22 
1 0.29 

1 2.47 
1 2.26 
12.19 
22.50 

2 0.8  3 
1 7.3  5 

15.26 
14.41 
15.46 

17.26 

17.56 
19.1  0 

11.57 
14.22 
14.74 

10.19 
11.80 
11.60 
12.77 
15.60 
15.43 

12.19 
.00 
.00 
.00 
.00 
.oc 


.00 

.00 

.00 

.00 

.00 


13.03 
12.82 
14.05 
14.48 
12.44 
12.54 

11.95 
11.16 
11.91 

12.79 
12.10 
14.05 

14.80 
17.20 

15.58 
15.10 
10.98 

12.95 
8.88 
8.40 
8.70 

10.40 

10.24 

11.58 
10.76 
11.04 
12.75 
12.86 
13.51 
22.57 
20.10 
15.80 

13.24 

12.24 
15.16 

16.29 
18.14 
17.84 
11.38 
13.90 
14.37 
10.8? 
11.20 
11.92 
12.76 

14.30 
14.71 
12.24 
11.13 
12.20 
11.66 
11.46 
11.73 


12.84 
13.06 
13.41 

13.64 
11.98 

12.58 
11.83 
11.17 
12.57 
13.19 
12.51 
14.72 

14.64 
17.94 

15.59 
15.81 
10.14 
12.22 

9.03 

8.36 

9.16 
10.57 
10.71 
12.61 
11.46 
11.03 
13.18 
12.68 
12.83 
32.89 
20.44 

15.35 

13.16 
12.61 

14.05 
16.65 

17.35 
18.33 

12.06 
14.53 
15.18 

8.79 
11.56 
12.20 
13.14 
15.05 
14.79 
12.48 


4 

♦ 

A 

A 

A 


13*42 

13.00 
14.09 
14.15 
12.84 
12.17  ^ 

12.00  ♦ 

11.22  4 

12.84  ♦ 
13.07  ♦ 

12.24  4 

15.25  4 

15.20  4 

17.49  4 

16.49  4 

16.32  4 

10.98  M 
13.45  K 

9.00  4 
7.48  4 
8.57  4 
9.73  ♦ 

10.10  ♦ 

11.98  ^ 
10.30  ^ 
10.41  ^ 
12.83 

12.33 

12.24  4 

21.53  B 

19.54  ♦ 
15.81  4 

13.63  B 
13.20  B 

14.64  e 
16.69  B 

17.15  4 

18.88  4 

11.35 

14.24 

14.89 

10.16 
11  .59 
11.26  B 
12.29  B 

15.00  4 

14.93 
11.84 


♦ 


.00 

.00 

*.00 

.00 

.00 


.00 
• 00 
.00 
.00 
.00 


TABLE  8.18  (8) 


^2u310 

•21.3 

16.4 

-13.62  .00  .00 

12.87 

.00 

.00 

12.21 

• CO 

*.00 

12.19 

• 00 

..00 

4 

220402 

5f  .8 

11*6 

.00  -22.61  .00 

.00 

6.89 

.00 

.00 

e.0T 

.00 

• 00 

8.15 

.00 

D 

22u4C3 

53. B 

11.0 

.00  “17*55  .00 

.00 

9.47 

. uo 

• 00 

9.64 

’.0  0 

• 00 

9.87 

.00 

D 

220404 

49.5 

11.6 

.00  -16*35  .00 

.00 

10.42 

.00 

• 00 

10.25 

.00 

• 00 

10.48 

.00 

D 

220405 

45.0 

11.1 

.00  “19.37  .00 

.00 

8.35 

.00 

.00 

8.79 

.00 

.00 

8.93 

.00 

♦ 

220406 

4C.7 

10.4 

.00  “17. 8P  .00 

.00 

9.44 

.00 

.00 

9.39 

.00 

.00 

9.51 

• 00 

245204 

132.6 

5.0 

•ie.11  “18.55  -35.36 

9.57 

10.19 

8.30 

9.91 

10.23 

8.93 

9.71 

9.98 

8.77 

n 

245205 

99.6 

5.0 

-23.38  “19.28  -40.74 

9. 18 

11.32 

8.27 

7.2  0 

8. 91 

6.6  9 

7.34 

8.89 

6.66 

24  5 206 

52.5 

7.U 

-19.12  -20.27  -35.45 

7.20 

7.80 

6.57 

8.26 

8.54 

7.94 

8.47 

8.71 

8.07 

« 

245207 

9.3 

9.0 

•13.20  -15.22  “28.89 

13.51 

12.47 

13.69 

12.87 

11.53 

12.56 

12.67 

11.28 

12.41 

K 

245 20S 

•22 .5 

14.0 

“12.64  “13.89  -28.41 

13.65 

13.34 

13.40 

V3.07 

12.56 

12.61 

13.09 

12.58 

12.66 

K 

245209 

“92.9 

18.0 

“10.32  “11.64  -24.45 

14.59 

13.63 

14.74 

15.34 

14. 24 

15.29 

15.41 

14.06 

15.30 

K 

245211 

152.7 

4C.0 

-4,46  -6.06  -16.35 

37.46 

38.42 

40.75 

31.94 

34.00 

37.02 

33.13 

35.91 

3 8.38 

n 

245213 

1 44 . 5 

28.0 

-6.72  -9.01  -20.46 

26.70 

23,57 

26.21 

25.54 

23.99 

25.51 

26.01 

24.19 

25.68 

« 

245214 

145.2 

24.0 

-7.91  -9.99  -22.41 

23.03 

21  .02 

21  .73 

22.57 

21 .51 

21.58 

2 2.52 

21.23 

21  .34 

M 

245215 

146.9 

21.0 

-10.37  “12.22  -24.92 

17.08 

16.21 

17.09 

17.72 

17.06 

17.63 

17.15 

16.28 

17.13 

K 

245216 

148.9 

18.0 

“11.43  “13.52  ^26.21 

14.98 

13.90 

15.00 

16,08 

15.10 

15.99 

15.40 

14.22 

15.42 

K 

245217 

151  .5 

15.0 

-13.29  -14.20  “28.48 

12.00 

12.71 

11.97 

13.71 

14.26 

13.61 

13.00 

13.32 

13.00 

K 

245212 

154.2 

12.0 

“14.31  “15.43  -29.66 

10.56 

10.90 

10.53 

12.63 

12.89 

12.58 

11.91 

11.98 

11.96 

M 

245220 

159.8 

7.0 

-16.60  -17.11  “32.86 

8.10 

8.75 

7.56 

10.64 

11.39 

10.28 

10.01 

10.54 

9.72 

M 

247106 

“5  0.0 

9.0 

“20.12  -20.69  -36.02 

6.73 

7.58 

6.32 

7.89 

8.41 

7.73 

8.09 

8.56 

7.84 

C 

247107 

“4C.2 

8.0 

“18.54  “20.43  -35.61 

7.92 

7.89 

7.02 

S.48 

8.48 

7.92 

8.62 

8.59 

7.99 

c 

247108 

-4C.6 

7.0 

-16.68  “17.89  -32.72 

9.13 

9.4  4 

8.73 

9.33 

9.38 

9.03 

9.46 

9.51 

9.13 

c 

247109 

-40.5 

8.0 

“15.53  -17.01  “31.95 

10.06 

10.10 

9.29 

9.98 

9.81 

9.40 

10.11 

9.94 

9.50 

c 

247110 

-2C  .9 

9.0 

-14.37  -15.59  -30.31 

12.33 

11.97 

12.23 

11.60 

11.19 

1 T.27 

11.56 

11.13 

11.26 

c 

2<*7111 

-11.1 

12.0 

-11.36  “13.41  -26.43 

14.61 

13.70 

14.88 

14.84 

13.18 

14.81 

14.74 

12.96 

14.75 

c 

247112 

-11.0 

16.0 

-13.06  -13.84  -28.12 

13.56 

13.39 

14.01 

12.99 

12.74 

13.20 

12.82 

12.51 

13.08 

c 

247113 

-11.5 

23.0 

•14.58  -15.65  -30.17 

12.69 

12.17 

13.00 

11.65 

11 .21 

11.58 

11.48 

11.01 

11  c4  5 

c 

247114 

•11.6 

26.0 

-7.68  -9.04  -23.03 

17.37 

17.61 

16.39 

20.48 

19.52 

19.07 

21.05 

20.06 

19.33 

c 

247115 

•11  .7 

25.0 

-7.09  -8.16  -21.88 

17.89 

18.60 

17.64 

21.65 

21.37 

20.87 

22.43 

22.32 

21  .33 

c 

247116 

“22.0 

20.0 

-8.47  -9.84  -23.37 

18.13 

17.80 

17.68 

18.54 

17.88 

18.07 

19.14 

18.60 

18.52 

c 

24  7117 

“22.3 

17.0 

•9.65  -11.23  “24.56 

16.48 

16.08 

16.57 

16.39 

15.68 

16.51 

16.69 

16.02 

16.80 

c 

24  7 11  8 

“22.6 

15.0 

•9v93  -11.51  -25.25 

16.41 

15.77 

15.96 

16.26 

15.28 

15.67 

16.55 

15.57 

15.90 

c 

24  7119 

•32.8 

13.0 

•11*02  -12.50  -26.31 

15.49 

14.88 

15.00 

14.09 

13.56 

13.68 

14.34 

13.86 

13.92 

c 

247120 

-43.1 

12.0 

-12.07  “13.61  “27.04 

13.85 

13.35 

13.83 

12.66 

12.25 

12.54 

12.93 

12.57 

12.82 

c 

247121 

•53 -.5 

11.0 

“12.27  -12.92  -27.26 

13.21 

13.86 

13.11 

12.77 

13.32 

12.57 

13.22 

13.99 

12.97 

c 

247122 

•53.6 

11.0 

•12.67  -14.33  -27.92 

12.66 

12.24 

12.35 

12.38 

11.87 

12.02 

12.78 

12.32 

12.38 

c 

247123 

“54.0 

12.0 

-13.68  -14.13  -28.88 

11.43 

12.45 

11.53 

11.48 

12. 07 

11.30 

11.80 

12.55 

11  .61 

c 

247124 

•54.5 

12.0 

-14.57  -15.63  -30.47 

10.49 

10.99 

9.87 

10.79 

10.64 

10.27 

11.07 

11.17 

10.51 

c 

247125 

•14.4 

6.0 

-15.26  -16.14  -31 .50 

12.16 

11  .78 

12.16 

11.09 

10.86 

1 0.67 

10.97 

10.72 

10.58 

c 

247126 

-25.1 

6.0 

“16.31  -;7.01  “31.96 

10.63 

10.76 

10.79 

10.08 

10.16 

10.08 

10.08 

10.17 

10.09 

c 

24 7127 

“15.4 

5.0 

“17.77  -18.98  -34.73 

10.77 

10.10 

10.60 

9.51 

9.33 

8.99 

9.46 

9:27 

8.92 

c 

252102 

14(  .7 

9.9 

-19.35  -19.50  -34.43 

7.93 

8.64 

8.02 

9.09 

9.66 

9.3  2 

8.90 

9.39 

9.07 

♦ 

252103 

131  .6 

10.9 

-20.30  -20.92  -35.38 

8. 43 

8.91 

8.40 

8.75 

9.04 

8.94 

8.66 

8.92 

8.79 

* 

252104 

127.5 

11.4 

-22.40  -23.54  -36.85 

7.94 

8.25 

8.08 

7.97 

8.24 

8.39 

7.98 

8.23 

8.29 

c 

252105 

122.4 

11.8 

-17.79  -18.12  -33.29 

10.82 

11.42 

10.47 

10.39 

10.62 

1G.25 

10.29 

10.50 

10.16 

c 

252106 

117.1 

11.4 

-14.61  -14.18  -28.99 

13.13 

13. 82 

13.35 

13.24 

14.48 

1 3.66 

13.25 

14.63 

13.72 

c 

2S2107 

111.0 

11.1 

-13.70  “14.20  -28.55 

13.64 

13.56 

13.49 

13.93 

13.68 

13.74 

14.08 

14.06 

13.86 

252108 

100.8 

10.9 

-13.52  -13.49  -28.55 

13.20 

13.27 

12.97 

12.74 

13.15 

12.37 

12.77 

13.11 

12.38 

D 

252109 

9‘^.7 

11.0 

-15.77  -16.48  -31.53 

11.33 

11  .65 

10.91 

9.84 

9.74 

9.3  6 

9.78 

9.61 

9.29 

252110 

83.4 

11.5 

-22.39  -21.01  -39.19 

7.84 

9.44 

7.18 

7.10 

8.08 

6.66 

7.24 

8,11 

6.67 

252111 

8C.4 

10.9 

-10.04  “11.06  -24.43 

14.85 

14.11 

14.83 

14.96 

14.66 

14.72 

15.24 

14.90 

14.93 

4 

252112 

77.3 

9.3 

-10.33  -11. 3«  -25.16 

14.68 

14.06 

14.33 

14.69 

14.45 

14.10 

15.08 

14.88 

14.39 

4 

252113 

69.9 

6.4 

-12.87  -13.61  -27.77 

12.19 

12.41 

12.18 

12.20 

12. 19 

12.1  1 

12.58 

1 2.65 

12.46 

4 

25  2 11 4 

44.  P 

3.2 

-24.29  -26.50  -50.67 

5.35 

5.46 

2.44 

6.66 

7.60 

5.49 

7.06 

7.60 

5.42 

4 

252115 

•39.4 

3.1 

•21.82  “20.47  -36.92 

6.82 

7.90 

6.43 

7.70 

8.48 

7.53 

7.86 

6.59 

7.59 

4 

25  2116 

•63.4 

6.6 

-13.89  “14.04  -28.47 

1 1 . 14 

12.31 

11.57 

11 .4  4 

12.23 

11.74 

11.82 

1 2.80 

12.12 

4 
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TABLE  8.18  (9) 


2;2117 

-64.6 

9.7 

-13.1?  -13.14  -27.00 

11.87 

13.14 

12.99 

12.07 

13.16 

12.97 

1 2.50 

13.88 

13.46 

♦ 

252  Via 

-59.7 

12.2 

-12.13  -12.75  -27.71 

13.18 

13.78 

13.38 

13.11 

13.69 

12.35 

13.66 

14.53 

12.78 

D 

252119 

-49.7 

13.9 

-10.51  -11.9?  -25.46 

16.20 

15.33 

IS.  6 5 

14.58 

14.29 

14.11 

15. 19 

15.07 

14.61 

252120 

-37.8 

1S.8 

-9.38  -10.79  -25.21 

18.46 

17.46 

16.35 

15.87 

15.57 

14.41 

16.42 

16.30 

14.77 

♦ 

252121 

-26.8 

17.9 

-12.79  -13.81  -28.90 

13.41 

13.39 

12.78 

12.67 

12.48 

11.96 

12.73 

12.57 

12.03 

D 

25 2 122 

-2C.1 

19.4 

-12.50  -13.28  -27.63 

13.81 

13.88 

14.06 

13.32 

13.24 

13.41 

13.32 

13.25 

13.45 

D 

252123 

-15.3 

20.9 

-14.62  -15.31  -31.32 

12.48 

12.31 

12.17 

11.56 

11.46 

10. V7 

11.44 

11.32 

10.69 

B 

252124 

-12.1 

20. 3 

-15.84  -16*64  -33.95 

12.00 

11.54 

11  .32 

10.71 

10.54 

9.37 

10.56 

10.37 

9.27 

B 

252125 

-12.1 

20.5 

-16.66  -17.25  -32.31 

11.59 

11.19 

12.00 

10.18 

to.  18 

10.22 

10.06 

10.03 

10.11 

D 

252126 

-13.4 

19.1 

-13.76  -13.46  -28.06 

13.08 

13.68 

13.98 

12.31 

13^12 

13.27 

12.17 

12.96 

13.15 

B 

252127 

-13.3 

17.0 

-11.05  -11.75-25.11 

14.87 

15.09 

15.60 

15.18 

15.13 

15.15 

15.09 

16.34 

B 

252128 

-11.1 

14.9 

-13.15  -13.45  -27.27 

13.50 

13.67 

14.44 

12.90 

13.13 

Uu^t 

12.73 

12.91 

T3.88 

A 

252129 

-5.2 

12.5 

-7.73  -8.67  -22.43 

16.72 

17.51 

16.79 

20.42 

20. 17 

19.99 

20.78 

20.55 

20.18 

A 

252130 

3.8 

11.1 

-6.16  -9.40  -23.20 

16.37 

16.78 

16.35 

19.61 

18.73 

1 8.8  2 

19.83 

18.82 

18.88 

A 

2:>2131 

14.9 

10.5 

-7.60  -a. 75  -22.52 

17.93 

13.30 

17.58 

20.53 

20.  11 

19.77 

21.23 

20.96 

20.20 

B 

252132 

25.0 

9.7 

-8.46  -9.75  -23.90 

18.63 

18.24 

17.43 

16.28 

17.86 

17,09 

18.93 

18.70 

17.50 

B 

252133 

32.2 

8.4 

-10.38  -11.59  -26.24 

16.43 

16.09 

15.09 

14.69 

14.69 

13.80 

15.22 

15.13 

14.03 

S 

252134 

23.3 

5.8 

-16.74  -18.12  -34.23 

10.53 

10.13 

9.73 

9.89 

9.63 

9.02 

9.89 

9.63 

9.02 

B 

216103 

-140.3 

16.6 

-14.29  -14.71  -28.56 

11.94 

12.87 

12.82 

12.76 

13.49 

13.39 

12.30 

12.91 

13.01 

♦ 

216105 

-137.5 

14.8 

-11.39  -12.86  -25.75 

15.89 

15.34 

16.32 

16.46 

16.02 

16.54 

16.10 

15.57 

16.26 

♦ 

216107 

-132.8 

14.0 

-14.47  -14.83  -28.77 

12.45 

13.19 

13.11 

12.85 

13.49 

13.37 

12.53 

13.11 

13.12 

6 

216109 

-127*2 

15.5 

-13.03  -14.51  -27.50 

14.23 

13.67 

14.53 

14.90 

14.08 

15.01 

14.75 

13.89 

14.91 

B 

216111 

-122.5 

20.3 

-12.28  -13.57  -26.36 

15.03 

14.40 

15.53 

16.25 

15.50 

16.68 

16.35 

15.60 

16.82 

B 

216113 

-122.0 

23.2 

-11.49  -12.82  -25.34 

15.79 

14.98 

16.46 

17.54 

16.74 

18.15 

17.80 

17.02 

18.42 

B 

216102 

43  .2 

17.7 

-9.93  -11  .68  -2-5.03 

17.48 

16.00 

16.53 

15.07 

14.39 

14.42 

15.62 

15.02 

14.85 

♦ 

216104 

46.9 

17.9 

-10.84  -12.88  -25.69 

15.70 

14.17 

15.45 

14.05 

13.08 

13.79 

14.53 

13.58 

14.22 

lo 

00 

216106 

49.8 

17.9 

-12.37  -13.69  -27.48 

13.20 

13.07 

13.01 

12.52 

12.35 

12.26 

12,89 

12.80 

12.60 

♦ 

o 

216108 

51.3 

17.6 

-13.51  -14.01  -28.73 

11.69 

12.65 

11.58 

11.54 

12.09 

1 1.34 

11.84 

12.53 

11.62 

<» 

216110 

53.1 

17.1 

-13.86  -13.90  -28.46 

11.26 

12.72 

11.79 

11.31 

12.26 

11.59 

11.61 

12.75 

11.91 

♦ 

216112 

52.6 

16.4 

-12.84  -14.39  -27.60 

12.48 

12.21 

12.74 

12.18 

11.79 

12.24 

12.55 

12.21 

12.61 

C 

216114 

53.4 

17.1 

-10.95  -12.62  -25.24 

15.24 

14.25 

15.76 

14.24 

13*67 

14.50 

14.86 

14.40 

15.10 

A 

220103 

-130.8 

14.8 

-12.36  -14.79  -27.17 

14.86 

13.31 

14.80 

15.55 

13.60 

15.16 

15.33 

13.28 

14.98 

♦ 

220105 

-131.0 

14.7 

-14.92  -16.56  -30.99 

12.18 

11.79 

11.33 

12.50 

11.76 

11.56 

12.21 

11.45 

11.35 

D 

220107 

-124.4 

15.0 

-13.88  -14.33  -28.24 

13.53 

13.84 

13.90 

13.59 

14.39 

14.35 

13.87 

14.32 

14.29 

B 

220109 

-112.7 

15.0 

-12.71  -14.42  -27.32 

14.35 

13.53 

14.33 

15.38 

13.79 

15.25 

15.65 

13.95 

15.47 

B 

220111 

-115.2 

12.6 

-15.60  -15.37  -29.84 

12.53 

13.12 

12.31 

12.16 

12.89 

12.80 

12.16 

12.94 

12.64 

6 

220113 

-119.1 

12.8 

-14.58  -14.72  -29.21 

13.12 

13.54 

13.21 

13.30 

13.86 

13.48 

13.27 

13.90 

13.49 

B 

220102 

Sf  .5 

13.1 

-10.30  -12.06  -23.92 

14.59 

13.45 

15.26 

14.61 

13.36 

15.31 

14.84 

13.46 

15.56 

■»- 

220104 

31  .2 

10.5 

-12.93  -13.45  -27.02 

12.38 

12.61 

12.85 

11.73 

11.87 

12.18 

11.76 

11.85 

12.23 

♦ 

220106 

79.7 

8.8 

-14.06  -15.71  -29.61 

11.50 

11.35 

11.11 

10.81 

10.17 

10.34 

10.87 

10.18 

10.38 

♦ 

220108 

67.3 

7.7 

-21.00  -22.40  -36.03 

6.80 

7.44 

6.75 

7.62 

8.00 

7.74 

7.85 

8.14 

7.88 

♦ 

220110 

52.8 

7.6 

-20.57  -20. 6P  -34.93 

6.51 

7.60 

6.85 

7.76 

8.43 

8.13 

7.97 

6.59 

8.27 

B 

SL4 

COMf^AND 

ANGLE 

1 

ASPiCT 

NET. 

WIND 

VV 

334103 

-31.7 

11.3 

-7.82 

33^102 

-164.6 

14.4 

-9.88 

334104 

-147.1 

14.4 

-4.89 

333103 

-13f  . ^ 

19.2 

-11.43 

338105 

-134.0 

17.8 

-10.44 

33iJl07 

-15C.9 

1S.1 

-6.03 

33H109 

175.0 

22.9 

-7.(^6 

33&111 

162.1 

23.1 

-7.76 

335113 

158.2 

19.5 

— 8.86 

33d115 

148.4 

15.1 

-8.68 

335117 

114.6 

9.7 

-9.29 

338121 

132.4 

4.4 

-8.88 

338102 

32.4 

17.6 

-9.03 

338104 

40^2 

19.4 

-10.26 

338106 

49.1 

19.2 

-9.55 

333108 

61.1 

16.7 

-11.33 

333110 

6F.2 

1 3.5 

-8.65 

338112 

28.4 

6.6 

-9.88 

333114 

-14.4 

11.5 

-7.67 

338116 

-23.3 

14.5 

-7.26 

336118 

-22.9 

12.6 

-8.12 

338120 

-1 6 .3 

7.0 

-9.56 

4115 

-49.8 

36.9 

-6.59 

4117 

-40.0 

27.7 

-8.67 

4119 

-15.4 

20.3 

-7.66 

4121 

-23.6 

23.2 

-7.90 

4123 

-21.8 

25.2 

-5.59 

4125 

-18.3 

23.4 

-6.21 

4127 

-21.6 

15.1 

-5.89 

4129 

-58.9 

7.8 

-7.70 

4131 

-12C.2 

9.0 

-7.73 

4133 

-143.5 

15.2 

-8.90 

4135 

-153.7 

24 .4 

-8. CO 

4137 

-155.9 

28.2 

-5.42 

4139 

-161.1 

27 .4 

-6.54 

4141 

-175.2 

26.4 

-6,37 

4143 

174.5 

26.7 

-7.6  2 

4145 

165.7 

29.7 

-6.5  4 

4147 

156  .9 

33.7 

-5.22 

4149 

153.1 

29.7 

-5.35 

4151 

159.3 

27.5 

-3.71 

7103 

-92.4 

7.4 

.00 

7105 

-84.0 

9.7 

. 00 

7107 

-71. 7 

10.6 

.00 

7109 

-5f  .7 

16.8 

.00 

7111 

-56.5 

25.0 

• GO 

7113 

-60.5 

30.3 

.00 

8105 

-49.5 

23.8 

-8.47 

6111 

-88.9 

16.5 

-10.32 

6113 

-85 . 8 

24.4 

• vJ  0 

ail  7 

-83.8 

31.9 

-11.88 

6119 

-82.8 

32 . 5 

-6.8  0 

6121 

-81  .9 

32.7 

-7.46 

TABLE  8.18  (10) 


SIGMA,  00  REDUCTION  4 


HH 

HV**VH 

VV 

HH 

HV-^VH 

-10.88 

-12.11 

17.29 

18.29 

14.66 

-11.67 

-11 . 75 

14.64 

19.25 

20.67 

-7.05 

-8.30 

30.55 

24.91 

29.52 

-11.20 

-11.65 

9.83 

21.70 

16.61 

-10.50 

-12.61 

11.62 

22.85 

12.55 

-10.06 

-10.89 

24.81 

21.71 

20.21 

-9.73 

-9.75 

22.06 

20.- 8 2 

21.13 

-11  .96 

-11.28 

19.38 

19.05 

20.61 

-12.30 

-11.48 

16.21 

18.87 

19.75 

-11  .49 

-10.90 

15.91 

20.38 

20.04 

-12.37 

-11.69 

16.67 

23.22 

18.44 

.00 

.00 

15.39 

.00 

.00 

-12.4  3 

-13.08 

14.82 

16.00 

12.33 

-12.06 

-12.20 

13.55 

17.28 

15.65 

-11 .73 

-11.97 

16.52 

18.81 

18.28 

-12.65 

-14.15 

14.89 

20.12 

17.47 

-12.61 

-12.40 

23.37 

21.46 

22.87 

-12.64 

-1 1.96 

12.87 

15.36 

14.70 

-15.20 

-11.52 

15.70 

10.31 

14.95 

-11 .83 

-10.50 

17.38 

16.43 

17.90 

-12.54 

-12.35 

15.51 

15.20 

13.47 

-14.41 

-11.65 

12.57 

11.71 

14.73 

-3.36 

-9.84 

25.59 

22.14 

24.38 

-9.55 

-11.51 

16.79 

20.48 

17.54 

-11.54 

-11.74 

15.78 

16.79 

14.54 

-11.62 

-11.40 

16.02 

16.79 

15.69 

-9.04 

-10.44 

21.41 

21  .30 

17.87 

-9.29 

-9.50 

19.26 

20.94 

19.73 

-8.54 

-10.43 

20.54 

22.14 

17.88 

-9.66 

-10.50 

24.40 

21.67 

24.29 

-9.89 

-10.98 

20.93 

24.63 

21.24 

-10.62 

-11.57 

15.15 

21.77 

17.30 

-10.63 

-11.33 

18. 08 

20.90 

19.32 

-9.29 

-9.35 

27.39 

22.11 

23.67 

-10.08 

-10.77 

23.12 

20.98 

21 .05 

-9.26 

-9.57 

24.17 

21.24 

21.03 

-11.53 

-12.80 

20.49 

19.16 

22.64 

-8 . 52 

-10.35. 

23.31 

22.23 

21.47 

-8.66 

-8.67 

28.28 

22.65 

24.79 

-7.86 

-8. 52 

27.81 

23.70 

26.47 

-5.18 

-6.54 

35.95 

25.43 

27.21 

-10.68 

.00 

. 00 

24.77 

• 00 

-6.77 

.00 

. 00 

25.45 

.00 

-4.82 

• 00 

• 00 

25.17 

.00 

—8  • o6 

.00 

. 00 

22.4  7 

• 00 

-10.79 

.00 

• 00 

20.96 

.00 

-10.4  5 

• 00 

• 00 

21 .47 
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VV  HH  HV*VH 

15.86  17.87  16.02 

15.64  20.17  18.03 
25.88  24.71  22.48 

12.81  21.42  17.58 

13.81  22.76  17.01 

22.26  22.22  18.38 

22.63  22.53  21.09 

19.32  19.77  18.47 

16.62  19.25  18.07 

16.00  20.39  18.27 

18.33  23.51  21.60 

16.03  .00  .00 

14.36  15.42  15.79 

13.68  16.72  16.23 
15.94  19.14  17.25 

15.63  20,94  17,39 

24.38  22,40  21.55 

13.39  15.01  16.02 

15.35  10.86  15.99 

16.24  16.34  16.60 

15.03  15.22  15,86 

13.42  12,19  15.97 

23.65  23.57  20,04 
15.55  20,51  16.58 

15.39  16.84  15.94 

15.33  16.67  16.17 
19.31  20.47  16.60 

17,83  20.13  17.14 

18.64  21.11  16.60 

24.40  23.75  22.35 
21.22  24.74  21.90 

15.48  21.71  17.50 

17.68  21.52  18.02 

25.26  23.06  20.97 

22.48  22.21  19.07 

24.97  23.02  21.43 
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VV  HH  HV-^VH 

16.31  18.88  15.98  D 
15.09  19.29  17.74  0 

27.18  25.38  23.54  D 

11.99  20.64  17.20  0 
13.13  22.37  16.55  0 

22.82  22.05  18.25  0 

22.69  22.28  21.30  D 
19.22  18.81  18.29  C 

16.25  18.19  17.86  C 

15.65  19.58  18.10  ♦ 

17.42  22.64  20.82  C 

15.59  .00  .00  ♦ 

14.39  15.99  15.65  ♦ 

13.37  16.92  16.15  + 
15.85  19.09  17.21  ♦ 
15.08  20.30  16.97  ♦ 

24.29  21.60  21.28  C 
13.20  15.78  16.02  ♦ 
15.93  11.80  16.04  t 
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13.35  13.19  16.02  D 
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15.98  18.44  15.96  D 
15.81  17.94  16.29  D 
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26.00  24.86  23.46  B 

37.30  24.83  32.25  + 

.00  25.11  .00  C 

.00  21.06  .00  C 
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.00  22.94  .00  B 

.00  23.79  .00  0 
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18.02  22.94  25.06  ♦ 

.00  24.27  24.00  ♦ 
15,06  17.65  18.45  ♦ 
36.05  25.47  35.84  ♦ 

31.48  25.26  30.36  ♦ 


J i I ■ - « I « r=*:a  sr^ 


TABLE  8J 8 (II) 


9110 

151.9 

35.5 

-6.85  -11.52  -10.96 

21  .66 

20.08 

20.06 

20.08 

20.33 

18.34 

20.27 

19.56 

16.20 

♦ 

9112 

140  .5 

36.7 

-5.36  -12.24  -10.39 

28.31 

20.32 

22.13 

24  ♦ 1 5 

19.71 

18.90 

25.08 

18.46 

18.77 

D 

91U 

127.8 

40.8 

-6.09  -12.31  -10.01 

26.94 

21.73 

25.29 

24.45 

21.54 

21.58 

24.98 

20.38 

21 .64 

B 

9116 

12C.2 

45.2 

-5.24  -10.13  -8.64 

34.30 

24.45 

32.89 

32.30 

24.64 

28.62 

33.45 

24.88 

30.18 

D 

9118 

117.5 

45.5 

-4.79  -10.55  -8.19 

36.56 

24.35 

34.74 

36.93 

24 . 61 

31.99 

38.55 

24.76 

34.41 

0 

9120 

114.5 

4 3.0 

-4.28  -7.95  -8.00 

4A.  07 

26.06 

35.1 6 

43.21 

24.  G7 

34.71 

45.50 

24.51 

37  .64 

D 

9122 

105.5 

39.1  * 

-5.30  -9.54  -8.66 

38. 98 

25.41 

31  .74 

40.62 

24.70 

36.03 

40.49 

2 5.47 

37.59 

D 

9124 

94.6 

37.5 

-6.26  -9.35  -9.38 

35.41 

25.32 

28.97 

38.04 

24.49 

3 5.16 

36.59 

2 5.44 

35.19 

0 

9126 

84.5 

36.3 

-7.33  -11.72  -11 .54 

30.62 

23.95 

25.80 

33,04 

24.49 

26.69 

31.84 

23.90 

25.50 

D 

11202 

111.0 

11.3 

-10.97  -13.11  -11.94 

13.00 

23.04 

19.26 

15.60 

23.10 

22.40 

14.47 

21.77 

21.44 

B 

11204 

102^8 

18.6 

-9.70  -11.71  -11.90 

18.05 

24.41 

21.90 

19.52 

24.60 

24.24 

17.98 

24.19 

22.83 

B 

11  206 

98.5 

26.0 

-10.27  -14  .04  -11  .51 

17.31 

23.4  0 

24.02 

18.70 

22.  67 

2 6.05 

17.06 

20.41 

24.54 

+ 

11208 

96.1 

32.8 

-8.02  -11.83  -10.26 

25.82 

24.43 

27.17 

26.98 

24.59 

3 0.94 

25.10 

23.99 

50.07 

-t- 

11210 

95.8 

38.1 

-6.04  -12.68  -9.89 

36.50 

24.07 

27.95 

39.22 

24.03 

3 2.5  6 

3 7.89 

2 2.74 

32.01 

D 

1 1 212 

95.7 

39,8 

-6.77  -13.31  -10.87 

32.54 

23.80 

26.14 

34.68 

23.45 

28.8  0 

33.01 

21.63 

27.49 

D 

11214 

90.4 

37.5 

-7.03  -12.93  -9.78 

31.66 

23.87 

28.16 

33.86 

2 3 . 75 

33.67 

32.23 

22.19 

33.38 

D 

1 1216 

88.5 

33.3 

-7.64  -12.03  -10.38 

28.86 

24.10 

27.24 

30.6,2 

24.39 

31.04 

28.96 

23.55 

30.29 

D 

11218 

91.1 

30.0 

-9.31  -14,71  -17.82 

21.70 

23.20 

15.76 

22.63 

21.77 

16.30 

20.80 

18.91 

15.59 

0 

11222 

74.3 

39.2 

-7.74  -10.89  -11.71 

28. 01 

23.15 

25.03 

30.23 

24.55 

24.79 

3C.10 

24.59 

24.48 

11224 

62.4 

40.8 

-6.54  -10.40  -11 .51 

30.28 

21.76 

22.93 

32.10 

23.61 

21.56 

34.04 

24.14 

21.86 

D 

11226 

52.5 

37.4 

-6.46  -11.09  -9.75 

27.05 

19.89 

25.08 

25.77 

20.96 

21.19 

27.44 

21.09 

22.27 

0 

11228 

60.8 

29.4 

-7.22  -14.43  -11.77 

26.81 

18.86 

22.00 

27.51 

18.12 

20.51 

28.69 

16.74 

20.66 

B 

11  250 

29.2 

24.1 

-6.83  -11.88  -10.94 

19.31 

16.62 

17.46 

17.29 

16.25 

16.47 

18.22 

17.15 

16.68 

D 

11252 

2.6 

22.7 

-6,73  -9.88  -9.37 

17.09 

20.05 

18.57 

16.42 

19.21 

16.79 

17.34 

21.30 

17.29 

B 

11254 

-*  5 . 0 

20.6 

-7.16  -11.44  -9.75 

16.27 

16.95 

17.93 

15.81 

16.91 

16.59 

16.54 

18.66 

16.97 

B 

11256 

-^13.3 

14.4 

.00-13.15  -14.28 

.00 

13.76 

10.06 

• GO 

14.25 

15.71 

.00 

15.53 

15.51 

C 

24106 

T02.6 

25.2 

-6.66  -9.58  -9.47 

30.98 

25.40 

29.02 

32.33 

24.6? 

33.02 

30.99 

25.48 

33.21 

4 

Is9 

CO 

24108 

90.4 

23.4 

-7.28  -12.34  -10.67 

30.34 

24.09 

26.74 

32.27 

24 . 23 

29,82 

30.56 

23.15 

28.72 

♦ 

to 

24110 

74.9 

21  .8 

-8.7C‘  -10.30  -11.30 

24.27 

23.45 

25.62 

25.60 

24.81 

2 6.15 

24.94 

25.14 

26.06 

♦ 

24112 

64.6 

20.1 

-8.26  -11.47  -10.30 

23.96 

21  .46 

25.66 

24.75 

23.12 

25.5 1 

25 .06 

22.98 

26.82 

25102 

64.5 

13.4 

-9.26  -9.88  -10.31 

20.67 

22.34 

25.  M 

21.15 

2 4.44 

25.46 

21.0  0 

2 4.92 

26.76 

♦ 

2S104 

75.5 

13.0 

-11.53  -13.92  -13.93 

15.98 

21.78 

22.08 

16.94 

21.49 

19.75 

15.96 

19.74 

1 8.83 

2 5106 

39.3 

12.8 

-8.78  -11.18  -12.06 

23.  87 

24.46 

24.70 

24.90 

24.80 

25.09 

23.10 

24.63 

23.42 

25108 

11 0.0 

14.3 

-6.96  -11.17  -10.64 

27.13 

24.40 

24.48 

27.84 

24. 67 

26.21 

27.04 

24.6  2 

25.77 

25110 

128.8 

17.7 

-7.07  -10.48  -10.29 

20.42 

23.41 

23.64 

19.64 

23 .50 

20.74 

19.54 

23.27 

20.66 

2 5112 

137.5 

23.1 

-7.16  -9.77  -10.10 

20 . 74 

23.24 

23.75 

18.97 

23.15 

19.52 

19.00 

23.06 

19.47 

0 

Q ?0 

p*^4 

25114 

137.2 

27.0 

-7.65  -9.53  -10.53 

18.95 

23.50 

21.68 

17.87 

23.42 

18.93 

17.74 

23.44 

18.75 

c 

25116 

13C.0 

27.0 

-6.75  -10.74  -11.23 

23. 27 

23.04 

18.72 

21.43 

23.07 

18.96 

21.61 

22.67 

18.59 

c 

27106 

15.0 

5.9 

-7.53  -14.63  -12.56 

16.02 

11.27 

12.96 

15.56 

11.82 

15.76 

16.21 

12.81 

15.67 

♦ 

2^ 

27108 

5.6 

8.5 

-10.56  -14.60  -14.10 

10.94 

11.00 

10.75 

12.56 

11. 79 

15.72 

12.19 

12.92 

15.53 

♦ 

3 2 

2 7110 

-4  .7 

10.1 

-9.75  -11. V7  -12.30 

12. 01 

15.89 

13.48 

13.11 

16  . C8 

15.74 

12.95 

17.70 

15.63 

27112 

-9.9 

10.5 

-9.00  -13.96  -11.15 

13.19 

12.23 

15.52 

13.73 

12.90 

16.04 

13.86 

14.09 

16.12 

D 

27114 

-U.4 

to.  5 

-7.72  -12.80  -11.98 

15.60 

14.43 

14.04 

15.29 

14. 83 

15.86 

15.85 

16.16 

15.84 

-*• 

Q 

l-H  !*^ 

27116 

-18.8 

11.1 

-8.41  -16.34-13.10 

14.62 

8.87 

11. S8 

14.58 

8.95 

1 5.7  2 

14.89 

9.69 

15.59 

>s 

27116 

-23.2 

12.3 

-8,17  -13.86  -11 .12 

15.44 

13.03 

16.34 

14.98 

13.04 

16.26 

15.36 

1 3.86 

16.47 

♦ 

6P 

27120 

-29.6 

13.6 

-8.63  -14.12  -13.09 

15.24 

13.21 

12.10 

14.66 

12.55 

15.76 

14.83 

12.97 

15.64 

a 

27122 

-3f  .3 

14.9 

-10.17  -12.49  -12.41 

13.45 

16.50 

14.77 

13.60 

15. 75 

16.07 

13.31 

15  .94 

15.97 

H-4 

27124 

-46.7 

15.9 

-8.94  -12.46  -10.61 

17.49 

17.69 

21.54 

16.41 

17. 36 

18.17 

16.50 

17.15 

18.51 

e 

2 7126 

-54.5 

16.1 

-8.91  -12,42  -11.92 

19.36 

19.05 

19.39 

18.75 

19.55 

18. 42 

18.90 

19.13 

18.44 

c 

f-^  s 

27128 

-61.2 

15.3 

-9.84  -12.45  -12.11 

IB . 35 

20.27 

21.43 

18.59 

21.24 

2C.05 

18.35 

20.68 

20.05 

•f 

27150 

-71.9 

15.0 

-12.88  -12.35  -12.70 

13.15 

22.20 

23.31 

14.62 

23.19 

21.80 

13.64 

22.44 

2 1.21 

♦ 

O *-5 

27152 

-86.6 

14.9 

-9.19  -13.65  -12.59 

22.66 

23.34 

24.30 

23.60 

22.68 

23.65 

21.92 

20.45 

22.01 

tU 

27154 

-109.4 

13.4 

-8.87  -13.95  -12.66 

19 .18 

22.62 

17.26 

20.5  8 

22.26 

21.20 

19.39 

20.35 

20.03 

■¥ 

t?d 

27136 

-134,3 

12.5 

-9.j6  -12.93  -13.40 

14.80 

20.24 

9.69 

15.56 

19. 45 

16.46 

15.09 

17.89 

16^02 

2 7138 

-155.4 

11.4 

-8.80  -18.01  -12.04 

16.11 

13.12 

18.15 

16.42 

9.76 

17.41 

16.06 

7.68 

17.1 1 

^9102 

10.9 

16.8 

-8.54  -12.70  -11.17 

1 3 . 9? 

14.54 

15.50 

14.26 

14.96 

16.05 

14.49 

16.38 

16.14 

6 

29104 

22.4 

14.3 

-8.32  -13.21  -11.57 

15.08 

14.04 

15.20 

14.78 

14.12 

16.08 

15.11 

15.09 

16.17 

B 

to 

o> 

o> 


29106 

4*',4 

13.5 

291  oa 

53.0 

15.3 

29110 

49.8 

17.0 

29112 

5C.9 

17.2 

\i9114 

5P.S 

16.1 

29116 

6C.E 

15.U 

29116 

62.6 

13.6 

2 9202 

-140.2 

1 1 . 0 

2 9204 

--14f.O 

11.6 

29206 

•159 *5 

7.1 

29206 

-149.4 

4.3 

30102 

5f  .3 

16.2 

30104 

66.8 

17.2 

30106 

44.5 

14.9 

3010E 

18.3 

16.4 

iono 

7 .0 

18.8 

30 112 

6.8 

19.8 

30114 

5 .6 

17.4 

30202 

-1  r . 0 

8.1 

30206 

-162.7 

7.5 

30208 

-158. 6 

9.0 

30210 

-138.3 

7.4 

30  212 

-112.0 

6.2 

32102 

41  .2 

19.4 

32104 

31.0 

20.0 

32106 

23.8 

19.3 

32106 

22.5 

18.3 

32110 

24.9 

16.6 

32112 

24.8 

16.2 

52114 

21.4 

18.2 

32116 

18.3 

20.1 

32116 

17.1 

21.7 

32120 

16.1 

21.7 

32122 

20.9 

20.7 

32124 

35.1 

19.4 

32126 

49.1 

18.2 

3212E 

64.3 

17.3 

32130 

77.6 

17.0 

32 132 

9C.2 

17.4 

32134 

96.4 

18.1 

-C.24 

-13 

.16 

-14 

.51 

.00 

-12 

.62 

• 00 

-8.05 

-9 

.73 

-to 

.97 

^8.92 

-11 

.52 

-11 

.37 

^9.95 

-14 

.56 

-13 

.13 

^8.89 

-11 

.50 

-10 

.82 

• 00 

-14 

.71 

.00 

^4.21 

-6 

.05 

-7 

e12 

-8.01 

-9 

. 36 

-12 

• 3Q 

-10.15 

-11 

.12 

^10 

.84 

-11.21 

-12 

.14 

-11 

.98 

-8.  38 

-11 

.03 

-11 

.44 

-1.72 

-11 

.81 

-10 

.18 

-6^73 

-12 

.29 

-11 

.49 

-84  56 

-12 

.17 

-12 

.40 

-7.69 

-13 

.25 

-10 

• 41 

-6.75 

-10 

.36 

-10 

.40 

-8.88 

-13 

.19 

-11 

.43 

-5.59 

-8 

.18 

-9 

.15 

-11.02 

-11 

.75 

-to. 

.54 

-11.01 

-10 

.58 

-to 

.52 

-10.61 

-14 

.18 

-t1 

.88 

-10.11 

-12- 

.16 

-12 

.45 

-8 . 14 

-11  < 

.99 

-12; 

• 07 

-7.22 

-11. 

.53 

-10I 

.72 

-6.83 

-II4 

p45 

-10; 

► 00 

-7.25 

-11  , 

i40 

-9. 

.40 

-8.90 

-11  . 

► 39 

-12. 

.61 

-8.34 

-12, 

► 34 

-10. 

► 31 

-7.95 

-10, 

.49 

-t1, 

► 43 

-6.20 

-8. 

.95 

-9i 

► 66 

-5.52 

-It. 

.17 

-9, 

► 29 

-8.4  4 

-10. 

.67 

-11. 

► 94 

-8.23 

-12. 

.99 

-12. 

► 70 

-8.66 

-12. 

,58 

-11. 

.08 

-11.68 

-16. 

91 

-12. 

83 

-12.13 

-11. 

87 

-13. 

,85 

-9.31 

-16. 

84 

-13. 

10 

-9.60 

-16. 

83 

-12. 

81 

-10.47 

-10. 

39 

-to. 

98 

TABLE  ai8  (12) 

15.59  15.92  IC.Oa 
.00  18.61  .uo 

20.62  2C. '8 5 21  .16 

18.46  19.27  20.53 
17.58  18.29  18.47 
20.95  20.82  23.97 

.00  19.11  .00 

36.04  26.13  36.51 
17.74  22.67  15.61 

13.60  20.02  20.86 

10.76  19.59  16.85 

21.92  20.76  22.04 
22.87  21.63  26.17 
23.34  17.56  18.52 

14.31  15.68  13,28 

15.32  13.47  16.78 

17.16  19.07  16.80 

13.28  13.56  14.93 

20.17  23.11  19.68 

12.38  19.24  21.34 
11.98  20.62  21.29 

11.26  18.36  15.64 

14.90  23.61  17.07 
18.31  17.48  16.23 
18.65  17.25  18.34 

18.47  17.10  19.25 
17.30  17.15  20.64 
14.23  17.23  12.96 

15.27  15.62  18.58 

15.70  18.75  15.46 

19.28  21.56  19.34 

20.91  17.49  20.06 

14.38  18.43  14.16 
15.12  14.34  12.69 
15.97  16.03  17.93 
12*37  13.72  16.09 

13.77  21.18  19.25 
22.37  21.25  23.77 

20.84  22.32  23.42 
17.16  25.00  25.59 


14.83  14.92  15.69 
.00  18.82  .00 

19.18  22.10  18.42 
17.58  19.93  18.20 

17.68  17.33  17.95 
21,07  22.38  22.44 

.00  18.14  ,00 

29.10  24.87  25.67 
17.12  23.01  16.95 
14.86  20.91  18.90 

13.14  15.44  17.23 

21.71  22.42  20.24 

23.71  23*10  26.94 

20.69  17.14  17.00 
14.40  15.84  15,81 

15.14  14.04  16.28 

16.46  18.55  16.29 

13.83  14.13  15.91 

18.78  21.54  17.18 

14.10  20.07  19.47 

13.85  21.61  19.28 

13.48  16.64  17,35 
17.02  23.92  21.08 

16.60  16.98  16.35 
16.77  16.83  16.64 
16.97  16.94  16.93 
16.22  17.03  17.35 
14.21  17.02  15.82 
14.82  15.51  16.75 
15.20  18.42  16.12 

17.84  20.59  17.02 

19.19  17.41  17.26 

14.48  18.17  15.89 

14.85  14.50  15.78 
14.99  15.31  16.57 

13.33  10.24  16,62 

14.92  22.62  18.28 

23,39  17.50  21.87 
21.74  18.57  23.07 

18.47  24.89  28.10 


14.79  14.83  15.51  e 

•09  18.35  .00  0 

19.66  22.74  18.69  B 
17.70  19.92  18.35  B 
17.46  15.99  17.67  ♦ 

21.18  22.27  23.17  ♦ 

.00  16*56  .00  * 

31.10  25.30  27.83  ♦ 

16.93  23.11  16.60  ♦ 

14.28  20.33  16.84  ♦ 

12.39  18.37  16.91  ♦ 
22.09  22.52  20.52  8 

23.67  22.76  28.40  S 

21.79  17.06  17.04  + 

14.65  17.20  15.76  ♦ 

15.65  15.38  16.50  ♦ 

17.40  20.52  16.50  •» 

13.92  15.49  15.91  D 

20.49  23.75  17.94  ♦ 
13.39  19.19  19.50  0 
13.15  21.26  19.32  ♦ 
12.78  14.85  16.95  6 

15.94  23.22  20,06  ♦ 

16.93  17.14  16.28  ■> 

17.49  17.70  16.90  D 

17.95  18.25  17.47  0 
16.99  18.40  18.16  D 
14.33  16.28  15.75  ♦ 
15.13  16.54  17.17  B 

15.67  20.06  16.24  ♦ 

19.19  22.64  17.67  ♦ 

21.01  19.04  18.07  ♦ 
14.77  19.95  15.89  D 
15.22  15.59  15.70  ♦ 
15.13  15.67  16.70  ♦ 
12.76  9.12  16.45  ♦ 

14.19  22.28  17,79  * 
22.35  14.11  20.77  * 

19.96  14.57  21.28  ♦ 
16.81  25.33  26.7^  B 


TABLE  8.18  (13) 

1.L4  COfnrANO  ANGLE  2 

ASPECT  MET.  SX6MA,  DG  REDUCTION  4 

ANCLE  WIND  WV  HH  HV*WH  VV  HH  HV+VH 


534103 

-21 .6 

10.4 

534104  • 

-145.1 

14.5 

33S103  ’ 

-131.3 

20.8 

33S105  ' 

-127.5 

20.8 

33&107 

-15C.5 

20.3 

33 a 109 

172.6 

24.3 

33ani 

157.6 

21.6 

338113 

153.7 

18. b 

338115 

145.0 

15.3 

338117 

117.2 

10.5 

338102 

35:62 

17.4 

53b104 

42.2 

19.8 

33S106 

4f.3 

19.6 

338108 

55  .2 

16.2 

338110 

51  .3 

11.6 

33  8112 

3.5 

9.6 

33 SI 14 

-25.4 

13.6 

338116 

-32.1 

15.3 

338118 

-3  2.9 

12.2 

338120 

-29.5 

6.7 

4115 

-51  .9 

39.8 

4117 

-5G.3 

30.4 

4 11  9 

-47.6 

24.7 

4121 

-4C.8 

25.2 

4123 

-32.1 

26.2 

4125 

-26.4 

24.2 

4127 

-45.8 

14.7 

4129 

-9C.0 

10.8 

4131 

-123.2 

13.3 

4133 

-142.7 

18.1 

4135 

-154.8 

28.2 

4137 

-161.1 

28.1 

4139 

-166.1 

26. 0 

4141 

-175.4 

24.6 

4143 

175.4 

24.0 

4145 

168  .6 

27.1 

4147 

154.8 

30.9 

4149 

149.9 

28.5 

4151 

157.2 

25.9 

7105 

-88.1 

11 .8 

7107 

-69.0 

10.4 

7109 

-58.7 

15.9 

7111 

-61.5 

23.0 

7113 

-63  .,6 

28.3 

8103 

-41.2 

28.6 

8105 

-52.9 

25.1 

8107 

-71.5 

18.5 

8111 

-93,.  0 

18.5 

6117 

-84.8 

29.5 

6119 

-82.9 

30.9 

8121 

-ec.8 

31.4 

9110 

147.7 

34.8 

9112 

13t  .2 

37.4 

-9.76 

-9.73  - 

■10.99 

-4.23 

-7.79 

-8.41 

-8.47 

-10.74  - 

•11.20 

-7.93 

-9.53  - 

►12.39 

-4.62 

-8  .49 

-8  .79 

-5 . 1 0 

-7.59 

-8  .97 

-6.90 

-9.47  • 

►10.62 

-9.17 

-10.71  - 

►12.40 

-10.00 

-11.51  • 

-12.44 

-9.99 

-10.12  -11,81 

-7.04 

-9.82  • 

-11  .73 

-7.78 

-10.73  * 

►11.01 

-8.89 

-10.05 

-12.48 

-7.72 

-10.66  - 

-11.4 1 

-9.53 

-10.63  ' 

-12.01 

-8.23 

-12.14 

-11.42 

-6.86 

-9.50 

-10.89 

-6.4  5 

-9  .4  8 

-9.67 

-8*29 

-11.32 

-12.79 

-8.44 

-9.68 

-11.58 

-5.05 

-7 . 39 

-8.47 

-5.66 

-7.09 

-9.28 

-6.57 

-9.97 

-11 .34 

-6.92 

-9.37 

-9.92 

-3.91 

-7.27 

-7.75 

-4.57 

-6..  53 

-8. 17 

-4.15 

-6.64 

-7.75 

-6*08 

-7.97 

-9 .85 

-6.51 

-9.98 

•10.36 

-6.18 

-10.70 

-10.34 

-5.46 

-9.39 

-9.48 

-5.02 

-7.10 

-8.31 

-8.41 

-9.86 

-11.26 

-6.37 

-8.70 

-10.07 

-7.30 

-9.26 

-11.20 

-3.83 

-6.66 

-7.56 

-3.52 

-7.30 

-2.78 

-4.52 

-6.20 

-2.78 

-4.30 

-5.65 

.00 

-9.98 

.00 

.00 

-3.93 

.00 

• 00 

-10.0? 

.00 

.00 

-8.09 

.00 

.00 

-7.63 

.00 

-5.21 

-7.95 

-9.23 

-5.79 

.00 

-10.40 

-3.57 

-7.13 

-8.13 

-7.65 

-10.74 

-11 .99 

-11.27 

.00 

-14.94 

-6.52 

-8.40 

-10. 21 

-5.75 

-7.92 

-8.96 

-4.15 

-8.09 

-8.37 

-4,8  3 

-9 .24 

-8,69 

10.82  16.16  14.79 
26.31  26.63  26.4? 
14.77  18.22  17.53 

16.75  23.25  13.53 
25.08  23.05  23.43 

19.87  18.50  18.97 
18.20  19.96  18.31 
13.80  18.28  15.11 
11.34  16.06  14.14 
12.36  21.59  16.72 

17.64  17.88  14.90 

17.14  17.05  17.87 

15.82  19.41  15.22 

19.87  19.21  19.14 

15.14  18.67  16.87 
12.51  11.95  12.98 
16.55  17.05  15.47 

18.58  18.10  19.78 
14.49  14.64  12.43 

13.76  17.29  14.49 

26.62  25.91  28.58 
24.43  26.48  25.07 
21.28  19.48  17.93 
18.99  19.73  20.87 

26.11  22.92  26.48 

22.62  23.24  23.15 

28.48  27.02  30.57 
27.30  27.68  25.93 

22.58  21.70  21.50 
21.33  18.12  19.77 

21.65  20.44  20.73 

21.49  21.68  21.56 

16.12  18.99  17.58 
16.45  18.43  18.31 

17.59  18.56  17.84 

21.98  19.31  20.51 
27.03  24.00  24.18 

32.15  33.13  33.28 
28.08  27.41  29.07 

.00  23.12  .00 

.00  33.66  .00 

.00  20.88  .00 

.00  25.18  .00 

.00  26.26  .00 
23.96  23.08  23.30 
24.52  .00  21.68 

33.48  27.64  31.35 

22.88  21.34  19.81 
16.29  .00  14.78 

26.11  26.07  25.00 

27.99  26.82  28.68 
27.68  24.87  25.71 
27.40  23.09  27.02 


REDUCTION  5 reduction  6 GOAL 


VV 

HH 

HV^Vh 

VV 

HH  1 

HV+VH 

11.14 

16. 

07 

14*98 

10.36 

17.08 

15.15 

D 

26.57 

25. 

26 

24.31 

27. 13 

26.09 

24.70 

♦ 

18.40 

22. 

07 

20.51 

16.84 

20.71 

19.79 

0 

20.36 

25. 

05 

18.94 

19.15 

25.04 

18.01 

D 

24.62 

23. 

05 

22.27 

25.44 

23.52 

22.91 

D 

20.46 

20. 

21 

17.62 

22.04 

21.31 

18.46 

D 

18.39 

19. 

78 

17.70 

18*45 

19.54 

17.93 

C 

14.43 

18. 

17 

16.00 

12.97 

16.72 

15.46 

c 

13.64 

18. 

10 

16.63 

11.41 

15.70 

15.87 

D 

16.98 

24. 

86 

21*80 

14.83 

24.84 

20*98 

C 

17.48 

re. 

13 

15.66 

17.84 

18.10 

15.47 

B 

17.43 

17. 

64 

17.36 

17.25 

16.65 

17.48 

+• 

16.58 

20. 

30 

16.55 

15,83 

2 0*16 

16.19 

20.94 

20. 

44 

19.65 

21.17 

20.12 

19.87 

♦ 

15.98 

19. 

.76 

17.73 

14.95 

19.24 

17.62 

♦ 

11.38 

9. 

,04 

13.61 

11 .77 

8.77 

12.58 

«*• 

16.28 

17, 

.15 

1 5.4  6 

17.18 

18.07 

15.75 

18.12 

18. 

.28 

17.62 

18.97 

18.7  2 

18.49 

14.78 

14, 

.89 

14,67 

14.41 

13.66 

14.00 

0 

14.08 

17. 

.47 

15.29 

13.75 

17.91 

15.21 

4 

27.25 

26, 

.18 

2 5.88 

28.45 

27*98 

27.19 

D 

24.90 

26, 

,41 

22*86 

26.00 

28.25 

23.79 

D 

21.61 

20. 

. 31 

17.93 

2 2.26 

20.21 

17.99 

D 

18.92 

20. 

,05 

18.72 

19.27 

20.31 

19.31 

4 

23.85 

22, 

.46 

20.87 

26.13 

24 .6  9 

22.8  2 

B 

21.07 

22. 

.84 

18.89 

23.41 

25.91 

20.79 

B 

27.56 

26, 

.2$ 

2 5.21 

29.03 

28.22 

26.79 

e 

26.88 

26. 

.42 

25.5  0 

26.52 

27.17 

24.87 

4' 

24.98 

24. 

.74 

24,69 

24.46 

24.60 

24.02 

4 

21.80 

20, 

.10 

20*14 

21.55 

18.42 

19.87 

A 

21.93 

20. 

.53 

2 0.03 

22.66 

20.32 

20.64 

A 

22.12 

23 

.49 

21.05 

23.42 

25.18 

22.40 

A 

14.61 

1? 

.14 

15.80 

14.01 

16.45 

15.70 

4 

17.59 

17 

.73 

16.06 

18.38 

17.75 

16.26 

4 

15.83 

16 

. 66 

1 5.07 

16.01 

1 6.1  7 

14.73 

B 

23.94 

22 

.30 

20.69 

26.09 

2 4;  10 

22  .43 

B 

26.97 

24 

.43 

23.27 

28.35 

25.65 

24.51 

e 

29.98 

29 

.34 

3C.48 

30.85 

29.39 

32*15 

6 

28.68 

28 

.66 

3 0.0  0 

30.25 

29.54 

32.72 

c 

.00 

22 

,41 

.00 

• 00 

21.57 

• 00 

c 

.00 

30 

.56 

.00 

• 00 

19,66 

.00 

* 

.00 

22 

. 18 

.00 

.00 

2 2.61 

.00 

c 

• 00 

26 

.29 

.00 

.00 

27.97 

.00 

B 

.00 

27 

• 22 

• 00 

• 00 

28.85 

• 00 

B 

23.04 

22 

.89 

2 0.0  3 

24.36 

24.35 

20  *93 

4 

25.41 

• 00 

21.09 

26.47 

.00 

21  .62 

4 

36.91 

28 

• 08 

33.53 

35.45 

29*35 

34.93 

C 

22.32 

21 

.16 

2 0.08 

21.30 

19.55 

19.13 

4 

14.27 

.00 

15.66 

11.74 

• OG 

14.33 

4 

25.89 

25 

.52 

24.58 

25.69 

26*30 

24.34 

4 

28.46 

26 

• 44 

29.09 

28.69 

27.58 

29.30 

4 

26.32 

24 

.28 

23.87 

27.08 

24.97 

24*46 

4 

26.03 

23 

.59 

24.88 

26.17 

23.32 

24.83 

D 

o g 

Sg 

fiS 

se 

tHi 

o 
nj  ^ 

8^ 

»d 


V114 
9116 
9118 
9120 
9122 
912C 
9126 
11202 
11204 
1 1206 
11206 
11210 
11212 
11214 
11216 
11218 
11220 
11222 
11224 
11226 
11226 
11230 
11232 
11234 
24102 
24104 
2 4106 
24108 
24110 
24112 
25102 
25104 
2 5106 
25108 
25110 
25112 
25114 
25116 
c7104 
2 71C6 
27108 
27110 
27112 
27114 
27116 
27118 
27120 
27122 
27124 
27126 
27128 
27130 
27132 
27134 
27136 
27138 
<.9102 


129.5 
12f.9 
1ir.2 
115.1 
106.3 

95.2 

54.3 
10^.7 

103.5 

99.0 

96.6 

93.4 

91.2 

88.0 

87.0 

87.8 

62.7 
7C.9 

58.9 
54  .0 

49.3 

20.8 
“.9 
6.7 

115.8 
lie. 6 
101.3 
87.0 
73.7 
64  .3 
66.5 

73.4 
86*1 

109.0 
129.7 
137.5 

137.1 
151  .7 

24.3 
4.0 
“2.4 
-6.7 
-1  0.9 
-14 , 1 
-17.5 
-20.1 
-26.5 
-35.3 
-43  .7 
-5C.3 
-69.1 
-71  .8 
-89.3 
-115.4 
-139.2 
-155.2 
f .8 


42.6 

46.6 

46.0 
43.2 

40 .0 

37.7 

35.5 

15.6 

22.7 

29.1 

34.9 

38.4 

39.5 

36.4 

30.6 

28.9 

32.4 

38.0 

40.9 

39.5 

32.3 

26.4 

24.9 

20.0 

27.3 

29.6 

27.8 

24.4 

22.5 
20.1 
15.0 

14.9 

15.0 

15.6 

18.5 

24.0 

27.2 
25.4 

3.3 

5.8 

8.7 

10.3 

10.6 

10.7 

11.4 

12.6 

1 4.3 

15.7 

16.3 

15.9 

15.0 

15.2 

14.9 

13.5 

12.7 

11.1 

15.3 


-4.65 
-3.37 
-3.73 
-4.21 
-3.96 
-4.57 
-5.96 
-10.21 
-6. 02 
-6.55 
-6.62 
-5.21 
-4.64 
-6.21 
-7.11 
-6.25 
-5.84 
-8.26 
-6.39 
-3.76 
-5.6  5 
-5.59 
-5.00 
-5 .30 
-7.06 
-7.01 
-6.98 
-5.67 
-7.02 
-7.00 
-9.77 
-8.84 
-7.  10 
-6.25 
-5.48 
-5.87 
-5.57 
-5.57 
-6.81 
-8.12 
-10.10 
-8.68 
-7.50 
-7.57 
-7.55 
-6.97 
-6.82 
-7.21 
-8.1? 
-9.38 
-8.09 
-9.37 
-8.65 
-10.17 
-7.50 
-6.69 
-6.94 


-7.75 
-6.62 
-7.45 
-7.27 
-6.97 
-7  .83 
-9.47 
11.27 
'11.15  ' 
•11.99 
-9.83  ■ 
-8.35 
-9.28 
-9.81 
-10.47 
-9.80 
-7.98 
-10.64 
-8.93 
-7.46 
-9.59 
-9 .56 
-7 .76 
-8  .60 
-9.67 
-10.28 
-9.66 
-8.54 
-9.67 
-9.74 
-12.35 
-11.33 
-10.41 
-9.85 
-9.80 
-10. 52 
-8  .78 
-9.94 
-12.13 
-12.00 
-11 .83 
-10.33 
-10.30 
-9.70 
-10.96 
-10.92 
-11.18 
-10.49 
-11.14 
-11.80 
-10.98 
-11.79 
-11.63 
-11 .73 
-12.73 
-9.61 
-9.51 


TABLE  8.18  ( 14) 

30.60  30.88  35.41 

39.74  36.32  42.64 

37.52  32.87  32.55 

34.75  33.43  31. T5 
35.74  33.31  36.71 
32.22  28.72  32.95 

27.53  24.04  26.97 
13.33  18.19  15.55 
20.30  19.34  18.81 

25.43  17.73  25.33 
25.41  23.47  23.08 
29.93  27.13  29.00 
31.71  24.74  30.87 
26.96  23.46  27.39 
24.65  22.12  24.62 
26.85  23.49  26.34 

27.84  26.87  24.93 
21.37  21.18  24.20 
23.95  23.20  24.73 
31.33  25.95  31.04 
24.27  20.57  25.04 

18.84  16.34  18.07 

18.44  17.39  17.65 
17.98  16.45  17.89 

21.43  23.44  28.12 
22.39  21 .45  23.11 
23.81  23.91  25.82 

28.43  26.10  27.75 

24.45  23.09  23.22 

23.30  22.16  26.39 
17.74  17.82  18.96 
20.51  20.22  20.06 
24.70  22.24  21.77 
25.48  23.07  22.67 

26.31  21.95  28.63 

23.24  18.78  21.50 
24.59  25.19  19.42 

25.53  21.25  25.07 

16.50  12.55  13.09 
12.69  12.11  12.20 

9.88  12.30  12.35 
11.88  14.15  11.53 
13.94  14.38  13.62 
13.99  15.43  15.31 

14.27  13.85  11.85 
15.66  14.09  15.39 
16.78  14.23  14.56 

17.25  16.53  15.42 

16.51  16.45  15.56 
15.22  16.19  18.17 

21.53  20.43  21.75 
19.31  19.33  18.94 
20.87  19.70  21»81 
12.24  15.95  11.69 

17.28  12.35  17.1? 
18.75  20.03  17.76 
14.83  15.32  13.50 


-7.74 
-6.99 
-8.36 
-8.59 
-7.56 
-7.96 
-9.53 
■12.59 
■11  .79 
-9.93 
-10.66 
-8.93 
-8 .40 
-9.39 
-10.32 
-9.73 
-10.24 
-10.36 
-9.76 
-7.98 
-9.23 
-9.48 
-8.74 
-8i75 
-9.13i 
-10.28 
-9.76 
-9.28 
-10.79 
-9.46 
-12.22 
-12.08 
-11.42 
-10.43 
-8.79 
-10.01 
-10.57 
-9 .39 
-12.01 
-11 .96 
-11.84 
-12.48 
-11.16 
-10.35 
-12.48 
-10.62 
-11 .37 
-11 .51 
-12.01 
-11.44 
-11.21 
-12.53 
-11.33 
-13.80 
-11.21 
-10.95 
-11  .18 


29.15  27.83  31.98 
36.06  29.94  4C.13 
35.18  29.16  33.73 
33.78  29.40  33.19 
34.87  29.39  36.16 
31.94  27.08  33.42 
27.47  23.39  26.68 
16.71  22.27  20.24 
21.74  21.76  21.53 

25.63  19.28  26.21 
25.31  23.49  23.61 
29.65  25.98  28.99 

31.64  24.03  30.95 
26.54  22.75  27,01 
,23.93  21.35  24.04 
26.42  22.77  25.87 
28.02  26.28  24.52 
21.60  21.52  24.91 
25.45  24.46  24,72 

32.27  26.43  28.63 
24.59  21.46  22,59 
17.92  16.23  16.17 
16.44  16,62  14.69 
16.26  15.52  14.94 
24.39  25.71  30.71 
24.74  24.35  26.54 
24.50  24.48  27.16 

28.28  25.25  27.44 
25.04  23.41  23.59 
24.70  23.34  27.21 
17.84  17.94  19.99 
20.14  19.97  20,42 
24.00  21.46  21.21 
27.03  25.05  25.95 

26.53  24.20  27.73 

23.54  21.39  21.79 
,24.45  24.85  20,63 
25.74  23.60  25.03 
16.20  12.16  14.56 

11.55  9.31  13.50 
8.92  9.50  13.50 

10.96  12.40  13.45 
13,09  13.07  13.95 
13.40  14.71  14.61 
13.92  13.07  13.87 
15.28  13.61  15.08 
16.50  14.21  15.18 
17.16  16.86  15.87 

16.97  17.13  16.38 

16.05  17.14  18.40 

22.05  20.85  22.47 
18.90  19.06  19.55 
19.77  18.97  21.40 
16.68  21.61  17.98 
19.24  16.61  19.03 
19.11  20.03  17.57 
13.72  14.15  13.84 


28.95  28.60  31.69  B 

34.27  29.24  39.87  0 
33.69  29.54  33.25  0 
32.68  29,55  32.67  0 
33.38  29.55  37.69  D 

31.15  27.90  32.78  D 
27.46  23.23  26.46  D 

14.44  21.15  19.30  B 
20.51  20.41  20.62  B 

24.95  16.73  25.41  ♦ 
24.62  22.97  22.76 

29.16  26.53  28.31 
31.02  23.83  30.41 

26.27  22.08  26.54 

23.45  20.06  23.51 
26.15  22.12  25.36 
28.13  27.29  24.29 
21.61  21.34  25.46 
26.37  25.78  25.63 
32.90  28.21  30.24 


25.68  21.81  23.52  6 
19.93  17.46  17.23  B 
19.22  20.05  15.28  B 
18.80  18,18  15-.72  B 

23.71  26.05  30.14  + 

24.04  24.21  25.85  -* 
2,3.69  24.42  26.39  * 
28.12  25.72  27.05  ♦ 

25.49  23.95  23.86  ♦ 
25.42  24.16  28.28  ♦ 

17.04  16.23  20.05  ■+ 

19.72  18.93  20.34  -» 
23.58  20.27  20.56 

26.50  25.22  25.22 

26.29  23.83  27.31 

23.29  19.96  21.41 

24.30  25.01  20.12 

25.51  23.00  24.57 

17.19  10.97  14.23 
12.02  9.13  12.18 

6.18  9.47  12.21 

11.06  13.53  11.96  ♦ 
13.98  14.15  13.47  D 

14.21  16.20  14.83  -* 
14.66  13.30  13.04  ♦ 
16.34  13.70  15.43  ♦ 
17.37  13.59  15.21  ♦ 
17.40  16.21  15.78  ♦ 
16.56  15.78  16.10  C 

15.07  15.44  18.48  ♦ 

22.21  20.42  22.61  ♦ 
18.24  17.67  19.40  ♦ 
16.39  16.42  20.63  •» 
14.44  20.08  16.88  ♦ 

18.21  13.09  18i45  ♦ 

19.18  19.62  17.61  ♦ 
15.01  15.97  13.21  B 
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3.5 
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15.5 
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17.0 

30110 

3.9 

19.4 

30112 
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19.7 

30114 
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16.7 

30202 
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8.6 

30206 

-177.8 

6.7 

3020E 
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7.9 

30  210 

-129.6 

6.8 

30  212 

-100.1 

6.4 
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30216 
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6.6 
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35.1 

18.9 

32104 

26.8 

20.4 

- 32106 

22.3 

20.2 
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1 8.8 

32110 

26.7 

16.7 

32112 

2f  .5 

16.2 

52114 

26.3 

17.1 

32116 

21.3 

18.5 

32118 

15.9 

20.8 

32120 

9.9 

21  .4 

32122 

16.9 

20.6 

32124 

33  .7 

20.0 
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19.5 
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TABLE  8.18  (15) 


-7.5i 
-8. CO  - 
-8.73  - 
-8.01  - 
-7.99  - 
-8.61  - 
-6.65  - 
-3.28 
-7.86  ■ 
-9.27  - 
-8.44 
-9.39 
-7.66  ■ 
-7.55 
-7.05 
-8.04 
-6.93 
-8. GO 
-6.93 
-4.02 
-8.13 
-9.46 
-10.56 
-8.24 
-8.08 
-3.38 
-6.27 
-6.19 
-5.40 
-6.61 
-7.67 
-9.63 
-9.08 
-5.05 
-5.28 
-6.40 
-7.39 
-8.65 
-10.19 
-11.40 
-9.31 


.00  - 
■10.87  - 
■10.08  - 
•10.93  - 
■10.07  - 
-10.76  - 
-11.64  - 
-5.49 
-10.00  - 
-10.66  - 
-9.94  - 
-9.30  • 
-11.23  ■ 
-11 .23 
-9.81  ■ 
-9.04 
-9.04 
-12.00 
-8.96 
-5  .49 
-9.08 
. 00 

-11 .16 
-10.81 
-9.67 
-7.07 
-10.79 
-10.68 
-9.28 
-9.64 
-9.76 
-11.33 
-9.81 
-9.16 
-9.01 
-8.85 
-10.80 
-14.33 
-11.66 
-10.76 
-11 .55 
-9.97 


10.29 
11.24 
11.34 
11.91 
•10.75 
•11.22 
-13.51 
-6.85 
-12.46 
*11.04 
-10.54 
-11.14 
-12.33 
-11 .31 
-11 .38 
-9.72 
-9.62 
-10.12 
-9  .68 
-6.47 
-9.54 
-13.56 
-12.84 
-12.14 
-10.21 
-7.54 
-10.38 
-10.18 
-9.68 
-10.10 
-12.00 
-12.61 
-11  .25 
-9.71 
-8.74 
-9.85 
-11 .56 
-12.46 
-12.31 
-14.26 
-12.21 
-12.91 


20.49 

21.52  2 

18.71  2 

20.59  1 
21.17  2 

19.53  2 
19.04  1 

30.94  : 

16.94  ^ 

15.72  ■ 
14.68  ; 
18.56  : 
19.37 
16.94 

16.60 
12.97 
14.67 

12.91 

14.67 
20.80 

16.68 

14.10 

9.74 

20.31 

21.92 
36.78 
19.59 

16.31 
19.56 

16.93 
14.96 
11.19 
12.26 
20.28 
18.90 

15.93 
14.52 
13.68 
13.43 
13.88 
19.92 
15.13 


.00  22.57 
20.47  21 .52 
21.11  20.26 
19.71  19.06 
21.65  22.54 
20.21  21.106 
17.96  15.39 

31.79  31 .61 
18.83  16.98 
13.86  17.88 
20.18  18.97 

24.79  21.89 
17.59  16.24 

17.03  18.21 
17.16  15.02 

16.04  16i.17 
15.73  16.01 
12.12  15.15 

15.83  15.88 
20.89  23.24 
18.45  18.48 

.00  14.49 
16.78  12.70 
20.64  18.39 

23.84  24.78 
. 30.80  34.84 

15.92  18.32 
15.11  17.34 
. 17.02  17.82 
( 16.27  17.11 
, 16.75  13.32 


14.16  12.35 
16.61  14 .79 
17.09  17.60 
16.65  19.05 
16.31  15.90 
14.05  13.32 
9.82  13.16 
16.27  15.75 
19.88  13.91 
20.12  20.02 
23.15  17.79 


21.62  .00  22.35 
22.23  21.09  22.31 
19.61  22.39  21.07 
21.66  20.76  20.13 
22.08  22.70  23.36 
20.32  21.22  21.91 
19.94  18.78  17.31 
28.75  28.37  28.52 
15.19  16.03  14.53 

12.64  14.34  15.34 

16.48  21.15  19.40 
18.02  24.25  22.07 

20.26  18.67  17.43 
19.56  17.97  18.21 

16.64  17.35  15.52 
12.16  15.17  14.59 
13.31  14.44  14.27 
11.82  9.42  14.10 
13.29  14.56  14.23 

18.49  21.03  16.87 

14.27  16.  83  16.50 
13.45  .00  14.61 
14.37  21.50  17.86 

21.01  21.95  20.36 
21.18  23.29  24.48 
36.43  28,30  55.54 
19.05  16.25  17.1  1 
17.75  15.18  16.29 
18.57  17.02  16,19 
16.54  16.30  16.03 

15.01  16.67  14.75 
11.79  14.24  14,51 
12.67  16.72.15.26 

19.09  17.06  16.01 
17.66  16.31  16.12 
14.74  15.51  14.51 

14.09  13.26  14.21 
14,28  9.55  14.95 
14.23  17.18  16.89 
14.04  21.03  16.32 
18.45  19.03  19.61 
13.96  22.69  18.32 


21.98  .00  23.00  B 

22.47  20.62  22.68  0 

19.40  22.86  21.42  B 
21.91  20.47  20.30  B 
22.34  23.23  23.92  + 
20.23  21.11  22.32  * 
19.80  17.57  16.92  ♦ 
29.56  29.44  29.72  ♦ 
14.97  15.09  13.75  ■» 

11.59  12.74  15.14  ♦ 
15.08  20.22  19.20  ♦ 
16,06  24.10  21.20  B 

20.41  17.61  17.23  E 
19.66  16.71  18.30  B 
17.17  17.62  15.54  E 

12.68  17.38  14 .93 

14.60  16.73  14.35  ( 

12.37  9.24  13.93  1 

14.59  16.93  14.26  I 
22.00  25.96  19.26 
13.91  16.45  16.94  I 

12.08  .00  13.62 
11.74  19.82  16.84 

19.63  20.69  19.38  ' 
19.98  22.73  23.75 

34.38  29.11  34.94 
19.90  15.35  17.55 
19.03  14.95  16.97 

20.63  18.39  17.15 

17.68  17.02  16.76 
15.30  17.46  14.46 

10.69  13.32  13.91 

12.09  17.30  15.35 

21,44  18.60  16.95 
20.08  18.32  17.49 
16.43  17.88  14.76 
14.96  13.66  13.87 
13.66  6.18  14.43 

12.73  15.55  16.61 
12.22  20.83  15.67 
17.05  16.81  18.93 
11.07  21.85  17.25 


TABLE  8.18  (16) 

Sl4  COMf'ANO  ANGLE  3 


ASPECT 

ANCLE 

KET. 

WIND 

SIGMA,  OB 
VV  HM  HV+VH 

REDUCTION  4 
VV  HH  HV+VH 

REDUCTION 
VV  HH 

5 

HV^VH 

REDUCTION 
VV  HH 

6 OUAt 

HV^VH 

6 202 

106.0 

17.5 

-6.81 

-8.48 

-11.75 

17.85 

23.34 

18.95 

20.09 

2 5.38 

2 2.54 

18.20 

23.90 

21  .37 

6203 

102.5 

IB.  5 

-6.00 

-3.91 

-12 *10 

20.35 

21.93 

18.31 

21.97 

23.80 

21.55 

2 0.24 

22.15 

20.26 

D 

6204 

1 J3.5 

21.  g 

-6.27 

-7.99 

-9.30 

19.50 

24.65 

25.45 

21.31 

26.33 

2 7.  7 9 

19.53 

24.97 

26.98 

D 

6205 

104.5 

24.3 

-5.35 

-7.01 

-9.09 

22. 12 

26.23 

26.10 

23.86 

29.24 

2 8.4  7 

22.34 

28.15 

27.71 

C 

6206 

UF.6 

26.6 

-3.49 

-7.34 

-7.94 

28.32 

27.12 

29.78 

29.89 

28.78 

31.96 

28.92 

27.63 

31.43 

c 

6 207 

110.6 

28.7 

-3.15 

-5.99 

• 00 

29.51 

31  .95 

.00 

31.07 

33.00 

.00 

30.22 

32.07 

• 00 

c 

6208 

111.8 

29.4 

-3.34 

-6.00 

-7.43 

28.58 

31.88 

31  .44 

30.33 

33.01 

33.45 

29.46 

32.08 

33.02 

D 

6209 

111.6 

30.5 

-3.69 

-6.23 

-7.86 

27.17 

31.02 

29.85 

29.10 

32.28 

32.15 

28.15 

31.33 

31.67 

D 

6?1C 

11 2. 7 

33.0 

-4.57 

-7.66 

-10.61 

23.80 

25.94 

21.32 

26.15 

28.03 

25.03 

24.99 

26.60 

24.13 

D 

6211 

116.8 

33.7 

-5.37 

-8.00 

-10.20 

20.67 

24.58 

22.05 

23.39 

26.86 

25.51 

22.05 

25.52 

24.69 

0 

6212 

119.6 

33.3 

-5.42 

-7.68 

-9.59 

20.14 

25.3? 

23.43 

22.82 

27.37 

26.40 

21.49 

2 6.11 

25.69 

♦ 

334103 

-7  ..6 

11  .0 

-8.17 

-8.11 

-12.41 

8.21 

15.26 

10.15 

9.65 

14.99 

11.18 

9.27 

16.39 

10.64 

0 

334102 

—167 . 2 

14.3 

-5.97 

-7.96 

-11.94 

13.11 

14.28 

11 .55 

13.86 

15. 66 

13.61 

13.75 

16.15 

13.22 

+ 

336103 

^126.3 

22.2 

-5.51 

-6.71 

-10.77 

18.89 

27.48 

19.43 

21  .13 

28.45 

22.16 

19.81 

27.45 

21  .23 

A 

338105 

-126.1 

22.5  . 

-4.20 

-6.77 

-9.08 

22.67 

26.91 

23.71 

24.15 

27.75 

2 5.15 

23.25 

26.75 

24.55 

0 

338107 

-156 .2 

21.6 

-.95 

-4.20 

-5  .8  8 

27.56 

26.77 

26.95 

25.61 

25.09 

24.26 

27.63 

26.96 

25.79 

D 

338109 

171.9 

24.0 

-2.28 

-4.80 

-6 .67 

20.69 

21.55 

21  .70 

18.93 

18.73 

18.02 

20.84 

20.95 

19.24 

D 

338111 

154.9 

19.9 

-3.88 

-6.99 

-9.25 

18.56 

18.51 

17.71 

1 8 . 84 

19.46 

18.66 

19.27 

19.94 

18.97 

B 

338113 

151.1 

18.6 

-4.91 

-7.6'8 

-10.54 

16.57 

17.73 

15.59 

17.39 

19.10 

17.48 

17.15 

18.98 

17.25 

D 

338115 

142.2 

16.1 

-5.79 

-8  .04 

-10.56 

1 5.78 

19.33 

17.19 

17,05 

20.51 

18.89 

16.00 

19.58 

18.28 

D 

338119 

1 16  .9 

8.3 

-5.91 

-6.82 

-10.74 

19.05 

28.55 

20.63 

21.91 

30.21 

24.30 

20.42 

29.17 

23.39 

4- 

338102 

40  *5 

17.2 

-6.36 

-7.59 

-10431 

15.45 

20.29 

18.06 

15.07 

18.83 

17.39 

14.40 

19.02 

17.25 

B 

338104 

45  .6 

20.6 

-5.68 

-7.29 

-11.33 

17.77 

21*54 

17.14 

17.32 

20.39 

16.83 

16.89 

20.69 

16.39 

B 

338106 

46.5 

20.3 

-5 .36 

-8.29 

-11  .18 

18.60 

19.79 

17.55 

18.17 

18.53 

17.22 

17.87 

18.41 

16.83 

B 

338108 

43.3 

15.8 

-5.65 

-7.93 

-10.24 

17.39 

20.03 

18.69 

16.88 

18.63 

17.96 

16.45 

18.65 

17.82 

338110 

25.4 

11  .0 

-7.99 

-9.05 

-12.94 

10.14 

15.23 

11.26 

11.20 

14 . 90 

12.77 

10.48 

15,18 

12.21 

♦ 

338112 

-15.1 

12.5 

-3.45 

-5.87 

-7. 88 

18.07 

21.34 

19.17 

17.16 

19.55 

17.16 

18.68 

21.9  0 

18.29 

♦ 

338114 

-33*2 

16. C 

-3.09 

-6. 38 

-7.73 

21.58 

21  .78 

22.18 

20.27 

20.28 

20.34 

21.16 

21.27 

21.18 

♦ 

338116 
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17.53 

17.85 

20.27 

19.47 

19.27 

0 

2 4102 

114.9 

32.9 

-3.36  -8.28  -8.14 

28.  06 

23.83 

28.63 

29.94 

26.26 

31.06 

29.13 

24.85 

30.57 

♦ 

2 4106 

98.2 

29.3 

-2.47  -7.29  -7.15 

33.24 

26.95 

32.67 

33.01 

27.31 

32.91 

32.05 

26.12 

32.34 

■4 

2 4 VOS 

82.8 

25.2 

-2.67  -7.72  -6.69 

31.60 

24.32 

32.98 

31  .62 

24. 07 

32.62 

31.42 

23.32 

32.71 

D 

24110 

71.7 

23.4 

-3.79  -7.74  -8.42 

26 .61 

23.34 

26.60 

27.76 

23.70 

27.78 

28.10 

23.78 

28.24 

D 

24112 

63.4 

20.3 

-5.24  -8.73  -11.11 

21.72 

20.56 

19.87 

22.56 

20.75 

21.04 

22.55 

20.67 

20.94 

4 

25102 

65.5 

16.0 

-6.91  -10.90  -13.29 

18.30 

16.46 

16.25 

18.75 

16.46 

17.67 

18.03 

15.49 

16.99 

■4 

25106 

86.2 

16.7 

-4.07  -9.32  -9.46 

26.92 

20.10 

24.84 

26.78 

20.49 

25.43 

25.92 

18.94 

24.79 

4 

25108 

109.0 

17.0 

-2.63  -7.87  t-8.18 

31.95 

25.34 

28.89 

33.08 

27.33 

31.26 

32.27 

26.04 

30.70 

♦ 

25110 

13C.7 

19.4 

-2.34  -7.44  -6*94 

29.18 

24.16 

30.35 

28.98 

25.16 

2 9.41 

28.72 

24.00 

29.26 

D 

2 5112 

136.4 

24.4 

-2.20  -7.92  -7.76 

26.25 

21.30 

26.04 

27.37 

22.32 

2 5.46 

27.36 

21.15 

25.30 

0 

25114 

137.2 

25.5 

-2.18  -10.25  -8.18 

28.14 

15.12 

24. 51 

27.18 

17.24 

2 4.3  2 

27.22 

15.38 

24.10 

4- 

2 5 116 

133.7 

23.0 

-2.51  -8.39  -8.0? 

27.72 

20.64 

25.69 

27.35 

21.99 

25.60 

27.13 

20.5  7 

25.30 

D 

27104 

-47 

3.1 

-5.02  -9.11  -10.76 

13.51 

12.84 

12.47 

13.45 

13. 20 

12.26 

14.28 

14.21 

T2.12 

4 

2 7106 

-7.8 

5.9 

-6.16  -8.92  -10.45 

n.42 

13.48 

13.24 

12.14 

13.75 

13.02 

12.47 

14.78 

13.08 

4 

27108 

-E  .9 

8.7 

-6.06  -9.90  -10.32 

iir.67 

11.58 

13.53 

12.37 

12.40 

13.27 

12.73 

13.02 

13.40 

4 

27110 

-9.3 

1 0.2 

-6.51  -9.97  -12.99 

10*89 

11.48 

9.47 

11.80 

12.34 

10.86 

11.98 

12.92 

10.19 

4 

27112 

-11.7 

10.7 

-5.77  -8.87  -12.40 

12.41 

13.87 

10.43 

13.01 

14.11 

11.64 

13.47 

15.09 

11.19 

4- 

27114 

-13.9 

11.2 

-3.64  -9.93  -8.83 

17.45 

11.98 

16.88 

16.66 

12.73 

15.71 

18.11 

13.21 

16.47 

4 

27116 

-16.4 

11.9 

-5.08  -10.64  -11.08 

14.24 

10.98 

12.87 

14.54 

11.92 

13.56 

15.21 

12.06 

13.59 

4 

2 7118 

-18.9 

13.0 

-4.80  -9.32  -9.92 

15.15 

13.76 

15.22 

15.28 

1 4 . 03 

15.25 

16.01 

14.56 

15.67 

4 

27120 

-25.3 

14.9 

-5.31  -9.46  -10.22 

14.89 

14. 43 

15.57 

15.10 

14.24 

15.79 

15.35 

14.37 

16.04 

4 

27122 

-32.1 

16.4 

-5.04  -10.75  -10.68 

16.58 

13.39 

15.87 

16.26 

12.67 

15.92 

16.32 

12.02 

15.85 

4 

27124 

-39.6 

16.6 

-6.26  -10.10  -12.31 

15.46 

15.71 

14.53 

15.10 

14.23 

14.68 

14.47 

13.50 

13  .99 

4 

27126 

-47.1 

15  .7 

-5.54  -6.88  -9.31 

18.33 

18.81 

21.18 

17.95 

17.50 

20.27 

17.57 

17.14 

20.42 

0 

27128 

-43.9 

15.9 

-6.60  -10.70  -13.08 

15.63 

15.39 

14.13 

15.24 

1 3 . 79 

14.33 

14.46 

12.81 

13.43 

D 

27130 

-72.7 

15.6 

-7.38  -10.64  -16.28 

17.84 

16.91 

12.22 

18.1  0 

17.28 

14.03 

17.01 

16.15 

12.52 

4 

27132 

-93^4 

15.1 

-6.07  “12.26  -12.23 

20.78 

13.16 

18.33 

21.24 

15.26 

20.34 

19.49 

12.71 

18  .99 

4 

27134 

-122.0 

14.0 

-6.18  -11.41  “13.01 

17.65 

14.79 

15.10 

20.42 

18.10 

19.12 

16.87 

15.74 

17.78 

4- 

27136 

-141.0 

13.1 

“5.18  “9.94  -11.59 

17.47 

14.92 

15.25 

18.51 

17.00 

17.52 

17.61 

15.40 

16.63 

4 

27136 

-ISC.  9 

10.9 

-4.14  -9.94  -9.29 

18.52 

12.45 

18.38 

16.98 

15.03 

19.41 

19,04 

14.08 

19.54 

4 

29102 

9.7 

12.1 

-4.34  -7.74  -8.80 

15.36 

16.24 

16.59 

15.00 

1 5. 73 

1 5.05 

16.14 

17.28 

15.72 

e 

29104 

41.2 

10.5 

“2.79  -7.39  -7.36 

23. 93 

20.78 

24.53 

22.70 

19.35 

22.35 

23.54 

19.63 

23.10 

4 

29108 

75.8 

18.7 

“6.74  “8.60  “12.99 

19.32 

21.51 

17.05 

19.58 

21.73 

18.61 

18.56 

21.18 

17.74 

D 

l9110 

73.6 

19 . 5 

“6.22  “8.04  “9.42 

20.40 

22.75 

24.28 

20.84 

23.01 

25.48 

20.12 

22.85 

2 5.59 

B 

>9112 

75.5 

19 .4 

“4.83  “9.10  “9.89 

24.06 

20.31 

23.29 

24.63 

20.59 

2 4.45 

24.34 

19.87 

24.34 

B 

29114 

72.5 

19.1 

“5.50  “12.66  “11.59 

22.07 

13.15 

19.53 

22.70 

13.57 

20.99 

22.32 

11.86 

2C.59 

C 

2 9116 

65.4 

18.1 

-5.11  “8.55  “10.87 

22.29 

21.06 

20.50 

23.22 

21 . 37 

21.78 

23.24 

21.34 

21.74 

4- 

29118 

61  .4 

17.0 

“5.86  -10.64  “10.57 

20.04 

16.88 

20.71 

20.64 

16.58 

21.68 

20.35 

15.74 

21  .71 

4- 

29  202 

179.6 

9.9 

“6.26  “7.57  “12.48 

11.89 

13.35 

9.83 

11.70 

13.17 

10.80 

11.68 

13.98 

9.98 

4 

*:9204 

164.7 

12.2 

“6.25  -8.55  “11.72 

12.43 

12.46 

11.64 

13.06 

14. 05 

13.34 

12.92 

14.38 

12.99 

D 

TABLE  8.18  (19) 


2V206 

176.3 

6.9 

29208 

~T25.5 

3.2 

29210 

-89.0 

5.5 

30102 

31 .0 

10.8 

30106 

13.9 

16.6 

30108 

.9 

17.6 

30110 

-1.2 

19.2 

30112 

7.2 

18.9 

30114 

-F.7 

14.7 

3u202 

rr.6 

10.9 

30206 

166. 9 

5.7 

30208 

*161.8 

6.2 

30210 

-117.5 

5.6 

30212 

*85.5 

6.5 

30214 

-82.0 

7.1 

30216 

-9C.8 

6.9 

32102 

27.7 

18.5 

32104 

23,6 

20.6 

32106 

22.3 

20.9 

32198 

25.9 

19.2 

32110 

30.6 

16.8 

32112 

32.6 

15.8 

32114 

30.2 

15.2 

32116 

23.0 

16.3 

32118 

13.8 

20.2 

32120 

? »8 

21.9 

32122 

11.7 

2U0 

52124 

33.8 

20.9 

32126 

49.0 

20.7 

32126 

59.1 

20.1 

32130 

69.4 

19.3 

32132 

7^.6 

19.0 

32134 

9C.2 

19.0 

-7.13 

-9.74 

-12.92 

-7.69 

-12.40 

-12.94 

-7.17 

-9 . 68 

-13.00 

-S.31 

-10.1? 

-11.86 

-4.88 

-10.77 

-9.90 

-4.  28 

-8.70 

-8.97 

-4.53 

-8.66 

-9 . 39 

-5.90 

-9,82 

-11 .66 

-►5.84 

-9.21 

-10.80 

-3.42 

-5.12 

-6.11 

-2.64 

-5.87 

-9.18 

-5.87 

-9.89 

-10.24 

-5.85 

-9.91 

-10.83 

-6.57 

-10.10 

-19.15 

-6.75 

-10.77 

-12.36 

-5.97 

-10,03 

-10.51 

-4.18 

-6.91 

-8.83 

-3.37 

-7 . 17 

-8.40 

-2.54 

-7. 1 5 

-7.50 

—3.64 

-7.99 

-8.42 

-6.03 

-10.31 

-11 .78 

-5 . 28 

-9.60 

-9.14 

-5.24 

-10.27 

-11.05 

-1.46 

-6.35 

-6.27 

-1.31 

-7.91 

-6.98 

-2.77 

-7.30 

“"8  *66 

-4.85 

-9.16 

-9.74 

-5.25-10.58  - 

-10.88 

-6.34 

-9.76  - 

-11 .55 

-7.24  - 

-13.95  - 

'12.84 

-5.90  -11,41  -13.13 

-7.18  -11.36  - 

■11.99 

-7.71  - 

■10.51  - 

•13.04 

10.57  5i.65  9.31 

13.63  12.15  14.64 
18.22  19. 25r  16,91 

15.81  14.15  13.72 
U.44  10.46  14.70 
15.21  13.73  15.90 
14.61  13.61  15.02 
11.74  11.41  11.06 
12.07  12.93  12.68 

18.50  23.58  24.33 
19.97  18.64  15.84 

13.32  10.18  14.54 

19.15  18.87  20.36 

15.40  18.10  8.62 

19.38  16.54  18,23 
21.17  18.40  22.26 

17.83  19.95  18.73 

19.28  18.87  19.02 

21.50  18.76  21.00 

18.38  17.40  19.33 

14.29  13.84  13.77 

16.15  15.40  18.91 

15.82  13.64  14.91 
25.09  20.74  24.41 
24.73  16.17  21.36 

19.32  17.05  16.58 
14.33-  13.27  14.81 
16.44  13.97  15.82 
17.06  17.53  17.32 
16.93  11.75  16.49 

26.84  15.49  16.69 
18.42  15.30  18.93 
16.92  17.15  16.79 


10.66 

10 

.30 

10.56 

16.42 

15 

. 45 

18.52 

18.46 

19 

. 96 

18.72 

15.66 

13 

.48 

14.41 

14.58 

11 

.57 

14.45 

14.58 

13 

.82 

14.08 

14.19 

13 

.67 

13.63 

12.24 

12 

.21 

11.48 

12.65 

13 

.38 

12.77 

17.65 

21 

.41 

20.55 

18.68 

17 

.49 

15.33 

U.07 

12 

.70 

15.69 

21.99 

21 

.96 

24.03 

15.53 

18. 

.75 

11.03 

19.45 

17, 

.21 

19.65 

21.39 

19, 

.41 

23.44 

17.34 

18. 

.76 

17.94 

18,40 

17. 

.95 

17.98 

19.92 

17. 

.69 

19.10 

17.77 

16. 

.68 

18.29 

14.43 

134 

,24 

14.46 

15.89 

14, 

.46 

18.06 

15.70 

13, 

.28 

15.29 

22.41 

19. 

44 

21.21 

21.27 

15* 

82 

18.16 

17.18 

16. 

06 

14.46 

14.39 

13. 

68 

14.28 

16.09 

13. 

02 

15.83 

16.79 

16. 

21 

17.20 

17.11 

10. 

SO 

17.43 

21.50 

15. 

71 

18.24 

18.52 

15. 

99 

20.30 

17.30 

18. 

30 

18.71 

10.33  10.32  9.65  ♦ 

14.49  li.as  17.17  ♦ 
16.56  18.17  17.30  B 

15.65  13.05  14.02  B 
15.40  11.75  14.83  6 
15.78  15.00  14.53  ♦ 

15.25  15.07  13.93  D 

12.68  12.92  11.08  0 

13.10  14.27  12.74  0 

19.09  23.99  22.41  ♦ 
20.35  19.12  15.71  0 

13.98  12.44  15.82  ♦ 

20.52  20.04  23.10  t> 
13.45  16.99  8.63  -* 

18.04  15.47  18.62  ♦ 

19.74  17.45  22.43  0 

17.98  19.83  18.59  ♦ 
19.64  19.16  18.89  ♦ 

21.68  19.19  20.37  ♦ 

18.66  17.37  19.13  ♦ 
14.16  12.79  14.10  ♦ 
15.83  14.14  18.45  ♦ 
15.76  12.87  15.16  ♦ 

24.75  21.09  22.95  ♦ 

24.10  17.17  19.62  0 
19.20  17.91  15.05  D 

15.26  14.53  14.67  C 
16.00  12.34  15.65  ♦ 
16.13  15.55  16.75  ♦ 

16.27  9.08  16.82  ♦ 

21.10  14.47  17.54  ♦ 
17.12  14.23  19.48  ♦ 
15.22  16.22  17.26  B 
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stratified  root  mean  square  difference  analysis  for  Methods  4. 
5_^gid__6.  The  results  of  Table  8.18  are  stratified  according  to  wind 
speed,  polarization,  type  of  meteorological  surface  truth,  and  the 
regression  method  in  Table  8.19,  which  again  requires  quite  a few 
pages.  For  example,  if  the  radar  wind  speed  predicted  fr«n  regression 
method  4 during  SL  4 for  W was  between  10  and  19.99  knots  and  it 
was  verified  by  a "Type  D"  meteorological  wind,  it  and  all  others 
like  it  were  collected  as  a subsample.  The  mean  meteorological  wind, 
the  mean  radar  wind,  the  difference  (to  show  bias)  and  the  root  mean 
square  difference  are  tabulated. 

The  number  of  observations  in  each  class  differs  from  method  to 
method.  For  the  same  cell,  for  example  one  method  might  yield  a radar 
wind  of  18.7  knots  and  the  other  a radar  wind  of  20.2  knots.  The 
values  would  then  be  grouped  into  different  class  intervals. 

For  SL  2/3,  in  addition  to  Types  A,  B,  C,  D and  + (for  synoptic 
analyses),  two  other  categories  are  included.  One  stratifies  the  data 
for  Hurricane  AVA  and  Tropical  Storm  Christine.  The  other  stratifies 
the  data  for  the  manuscript  synoptic  analyses  described  in  Chapter  4. 

The  points  for  the  manuscript  synoptic  analysis  were  also  coded  as  to 
Type  A,  Type  B,  and  so  on,  so  that  this  subset  is  also  included  in 
the  totals  for  A,  B,  C,  D and  + in  this  and  subsequent  analyses. 

Also,  the  NASA  C130  underflight  for  DOT  156  was  treated  as  a 
Type  A report  and  accounts  for  eleven  of  the  nineteen  points  in 
Figure  8.17.  (Command  angle  1,  4 points;  angle  2,  4 points,  and  angle  3, 
3 points).  DOT  252  accounts  for  the  other  eight  points. 
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TABLE  8.19  (I  ) 


. Alii  RMS 

SU<'-3  POtARIZATlON  VV 


QUALITY  A 
REDUCTION  4 


REDUCTION  5 


REDUCTION  6 


19. 

1 3.06 

1 3.33 

- . 28  ■ 

1.95 

19. 

13.06 

IS. 51 

*2.45 

4.48 

19. 

13.06 

15.82 

-2.76 

4.77 

10.00 

2L.00 

19.99 

29.99 

19. 

0. 

13.06 

.00 

13.33 

.00 

*.28 
• 00 

1.9  5 
.00 

17. 

2. 

13.18 

12.00 

14.86 

21.00 

*1.66 

-9.00 

3.56 

9.07 

16. 

’ 3. 

13*22 

12.17 

14.79 

21.27 

*1.57 

*9.11 

3.35 

9.17 

SL2-3  POLAR  12  AT  ION  VV 

QUALITY 

B 

REDUCTION  4 

REDUCTION  ! 

> 

REDUCTION  6 

58. 

14.23 

13.85 

.38 

4.63 

58. 

14.23 

14.28 

*.04 

5.72 

58* 

14.23 

14.22 

.02 

5.84 

.00 

10.00 

20.00 

9.99 

19.99 

29.99 

3. 

53. 

2. 

10.20 

14.37 

16.65 

8y,55 

13.82 

22.63 

1.65 

• 55 
*5.98 

1.70 

4.67 

6.28 

4. 

48. 

6. 

9.85 

14.82 

12.47 

9.n 

13.86 

21.03 

.72 

.96 

*8.56 

6.02 

5.14 

9.00 

4. 
49. 

5. 

9.85 

14.78 

12.42 

9.27 

13.86 

21.67 

.58 

.92 

-9.25 

5.96 

5.23 

9.95 

SL2-3  POLARIZATION  VV 

aUAtITV 

C 

REDUCTION  4 

REDUCTION 

5 

REDUCTION 

6 

62. 

T2.71 

12.24 

.48 

3.46 

62. 

12.71 

12.07 

^65 

3.47 

62. 

12.71 

12.15 

*56 

3.43 

o>  .OC 

$■'  TO. 00 
20.00 

9.99 

19.99 

29.99 

9. 

53. 

0. 

10.09 

13.16 

.00 

8.35 

12.89 

.00 

1.74 

.26 

.00 

2.67 

3.58 

.00 

12. 

48. 

2. 

10.00 

12.86 

25.50 

9.08 
12.44 
21 .07 

*92 

.42 

4.43 

3.71  I 

3.35 

4.56 

9. 

51. 

2. 

8.63 

12.93 

25.50 

8.81 

12.36 

21.74 

-.17 

.57 

3.76 

2.54 

3.54 
3.94 

SL2-3  POLARIZATI 

ON  VV 

QUALITY 

D 

REDUCTION 

4 

REDUCTION 

5 

REDUCTION 

6 

28. 

14.34 

12.87 

1.47 

3.58 

28. 

14.34 

12.65 

1.68 

3.90 

28. 

14.34 

12.67 

1.66 

3.83 

.00 
to. 00 

9.99 

19.99 

1. 

27. 

13.10 

14.38 

9.16 

13.00 

3.94 

1.38 

3.94 

3.56 

0. 

28. 

• 00 

14.34 

.00 

12.65 

• 00 
1.68 

• 00 
3.90 

0. 

28. 

• 00 
14*34 

.00 

12.67 

• 00 

1.66 

• 00 
3.83 

SL2-3  POLARIZATION  VV 

QUALITY 

n 

REDUCTION 

4 

REDUCTION 

5 

REDUCTION 

6 

69. 

20.94 

18.56 

2.38 

6.18 

69. 

20.94 

18.70 

2.25 

6.37 

69. 

20. 9 A 

18. A8 

2 .46 

6.51 

.00 

10.00 

2C.00 

30.00 

9.99 

19*99 

29.99 

39.99 

14. 
31 . 
13. 

9. 

8.64 

16.77 

28.69 

38*56 

8.75 

14.28 

23.85 

35.81 

*.10 

2.50 
4. 84 
2.75 

2.43 

5.31 

8.71 

7.98 

7. 

39. 

13. 

9. 

f\ 

7.29 

16.10 

27.69 

39.56 

.00 

50.00 

8.68 

14.25 

23.83 

34.71 

.00 

51.14 

-1*39 

1.85 

3.86 
4.84 

.00 

2*57 
5.62 
7.99 
8.79 
• 00 

7. 

39* 

14* 

7. 

1. 

7.29 
16.10 
28.50 
40. A3 
3A.OO 

8.7A 
13.98 
23. A9 
35.17 
AO. 30 

*1.46 

2.12 

5.01 

5.26 

*6.30 

2*51 

5.53 

8.72 

9.03 

6.30 

AO. 00 
50.00 

49.99 

59.99 

, 

o! 

42.00 

.00 

41.68 

.00 

.32 

.00 

7.86 

.00 

U m 

1. 

-1.14 

1.14 

1* 

50.00 

53.27 

*3.27 

3.27 

3L2-3  POLARIZATION  VV 


REDUCTION  4 


REDUCTION  5 


REDUCTION  6 


TABLE  a 19  (2) 


1f9. 

12.  J£ 

13.57 

-1.49 

4.54 

169. 

12.08 

13.22 

-"1.14 

4.22 

16Q. 

12.08 

13.26 

-1.18 

4.06 

.00 

9.99 

25. 

0.94 

7.81 

-.87 

3.18 

21 . 

7.30 

8.30 

-1.00 

2.92 

24  . 

7.18 

8.54 

-1.35 

3.31 

10.00 

19,99 

133. 

12.60 

13.81 

-1.21 

4.23 

142. 

12.58 

13.54 

-.96 

4.13 

139. 

12.72 

13.69 

-.98 

3.96 

<;:0.00 

29.99 

10. 

16.98 

23.13 

-6.15 

8.87 

6. 

16.87 

22*91 

-6.04 

8.19 

6. 

16.87 

22.19 

-5.32 

7.47 

iu.OO 

39.99 

1. 

22.00 

30.01 

-8.01 

8.01 

0* 

• 00 

.00 

.00 

• 00 

0. 

• 00 

.00 

• 00 

.00 

POLARIZATION  VV 

MANUSCRIPT  ANALYSIS 

REOUCTION  4 

REDUCTION 

5 

REDUCTION 

6 

103. 

12.82 

13.30 

-.4  8 

4.12 

103. 

12.82 

12.89 

-.07 

3.68 

103. 

12.82 

13.11 

-.^9 

3.56 

.00 

9.99 

5. 

7.60 

8. 35 

-.75 

1 .92 

11  . 

7.00 

8.91 

-1.91 

2.44 

10  . 

6.9C 

8 .88 

-1.98 

2.50 

10.00 

19.99 

94. 

12.73 

13.09 

-.36 

4.12 

88. 

13.03 

12.98 

.05 

3.82 

8.9, 

12.98 

13.18 

-.20 

3.69 

20.00 

29.99 

■» 

^ % 

21.00 

22.43 

-1.43 

4.99 

4. 

24.00 

21.70 

2.30 

3.44 

4. 

24.00 

22.02 

1.98 

3.04 

30.00 

39.99 

1^ 

22.00 

30.01 

-8.01 

8.01 

0. 

.00 

.00 

.00 

.00 

0. 

.00 

.00 

.00 

.00 

SL2-3 

POLARIZATION  HH 

QUALITY 

A 

REDUCTION  4 

REDUCTION 

5 

REDUCTION 

6 

20. 

13.00 

13.53 

-.52 

2.03 

20. 

13.00 

15.16 

-2.15 

4.69 

20. 

13.00 

15.39 

-2.38 

4.90 

10.00 

19.99 

20. 

13.00 

13.53 

-.52 

2.03  . 

17. 

13.10 

13.94 

-.84 

2.99 

17. 

13.10 

14.14 

-1.04 

3.14 

20.00 

29.99 

0. 

• 00 

.00 

.00 

• do 

3. 

12.47 

22.07 

-9.60 

9.79 

3. 

12.47 

22.48 

-10.02 

10.20 

SL2-3 

POLARIZATION  HH 

QUALITY 

B 

REDUCTION  4 

REDUCTION 

5 

reduction 

6 

58. 

14.23 

13.89 

• 34 

4.87 

58. 

14.23 

14.21 

.03 

5.64 

58. 

14.23 

14.11 

.13 

5.73 

• DO 

9.99 

2. 

9.50 

8.36 

1.14 

1.61 

8. 

12.39 

9.27 

3.11 

7.23 

8. 

12.39 

9.32 

3.06 

7.22 

u.oO 

19.99 

54. 

14.32 

13.75 

.57 

4.85 

47. 

14.53 

14.58 

-.05 

5.17 

48. 

14.49 

14.58 

-.09 

5.34 

20.00 

29.99 

2. 

16.65 

23.2? 

-6.62 

6.94 

3. 

14.60 

21.57 

-6.97 

7.43 

2 . 

15.55 

21.93 

-6.38 

7.57 

St  2-3 

POLARIZATION  HH 

QUALITY 

C 

REOUCTTOK  4 

REDUCTION 

5 

REOUCTION 

6 

47. 

12.45 

12.49 

-.05 

3.76 

47. 

12.45 

12.44 

• 01 

3. 61 

47, 

12.45 

12.50 

-.05 

3.54 

.00 

Z.99 

9. 

9.51 

8.65 

• 86 

2.70 

11. 

9.41 

8.79 

.62 

2.91 

11. 

9.41 

8.79 

• 62 

2.96 

10.00 

19.99 

38. 

13.14 

13.41 

-.26 

3.97 

35. 

13.05 

13.33 

-.28 

3.81 

34. 

12.66 

13.18 

-.52 

3.64 

20.00 

29.99 

0 . 

.00 

.00 

.00 

.00 

V. 

25.00 

21.3? 

3.63 

3.63 

2. 

25.50 

21.19 

4.31 

4.61 

SL2-3 

POLARIZATION  HH 

quality 

0 

REOUCTION  4 

REDUCTION 

5 

REDUCTION 

6 

53. 

13.78 

12.34 

1.45 

3.92 

33. 

13.78 

12.2S 

1.54 

4.23 

33. 

13.78 

12.26 

1.52 

4.18 

• 0 0 

9.99 

7. 

11.81 

8.69 

3.12 

3.45 

6. 

IT  .43 

8.95 

2.48 

2.91 

6 . 

11.43 

9.00 

2.44 

2.92 

1 w.OO 

19.99 

24. 

14.28 

12.69 

1.59 

3.81 

25. 

14.28 

12.31 

1.97 

4.23 

26. 

14,30 

12.62 

1.68 

4.20 

20.00 

29.99 

2. 

14.70 

20.85 

-6.15 

6.15 

2. 

14.70 

21  .34 

-6.64 

6.78 

1. 

14.60 

22.73 

-8.13 

8.13 

■'  '"3  (5  '""S''  tl"  ^ • 


SL2-3  pfLAPWATION  HH  OUALITV  P 

REDUCTION  A 


67. 

21. 1& 

18.71 

2.46 

5. 59 

*10 

0.99 

11. 

9.45 

8.5  3 

.92 

2.39 

10.00 

19.99 

36. 

17.19 

U.03 

3.16 

6b15 

410.00 

29.99 

e. 

20.S7 

24.04 

2.84 

5.77 

30.00 

39.99 

8 • 

38.37 

36-04 

2. 33 

6.19 

ve.oo 

49.99 

4. 

43.50 

43.58 

UB 

4.91 

30.00 

59.99 

0. 

.00 

.00 

.00 

o 

o 

. 

ILZ-3  P0LAF:17ATI0N  HH  OUALITV  ♦ 

REDUCTION  4 


175. 

11.82 

13.08 

-1.26 

4.1  1 

• 00 
I'.OO 

4:0.00 

9.99 

19.99 

29.99 

30. 

137. 

8. 

7.00 

12.59 

16.62 

8.09 

13.55 

23.63 

-1.08 

-.96 

-7.00 

2.89 

3.86 

9.09 

SLI--3  POLARIZATION  HH  , MANUSCRIPT  ANALYSIS 

REDUCTION  4 


104. 

12.81 

13.13 

-.33 

3.83 

.00 

9.99 

8. 

7.00 

E.96 

-1.98 

2.7  0 

10 

.00 

19.99 

94. 

13.10 

13.26 

-.17 

3.93 

20 

.00 

29.99 

2. 

22.50 

23 .63 

-1.13 

2.58 

SL2-3  POLARIZATION  HV/VM  OUALITV  A 

REDUCTION  4 


19. 

13.06 

14.01 

-.95 

2.02 

10.00 

19.99 

19. 

13.06 

14.01 

-.95 

2.02 

2u.  !0 

29.99 

n. 

.00 

.00 

.00 

.00 

SL2-3  POLARIZATION  HV/VH  OUALITV  B 


REDUCTION  4 


58. 

14.23 

13.85 

.39 

4.38 

.00 

9.99 

6. 

9.10 

8.81 

.29 

2.75 

\Q 

.00 

19.99 

50. 

14.75 

14.16 

.59 

4.51 

20 

• 00 

29.99 

2. 

16.65 

20.98 

-4.33 

5.25 

SLc-3  POLARIZATION  HV/VH  OUALITV  C 

REDUCTION  4 

47.  12.45  12.25  .20  3.56 


REDUCTION  5 

67.  21.18  18.68  2.50  5.94 

9.  8.22  8.93  -.70  2.28 

38.  16.89  14.39  2.50  5.77 

10.  29.80  24.77  5.03  6.79 

8.  40.12  34.61  5.52  7.66 

1.  34.00  41.46  -7.46  7.46 

1.  50.00  58.42  -8.42  8.42 


REDUCTION  6 

67.  21.18  18.49  2.69  6.03 

10.  7.90  8.98  -1.08  2.66 

37.  17.22  14.23  2.98  5.79 

10.  29.80  24.27  5.53  7.25 

7.  39.71  34.62  5.69  8.05 

2.  38.50  41.34  -2.84  5.94 

1.  50.00  58.56  -8.56  8.56 


REDUCTION  5 


175. 

11  .82 

12.83 

-1.01 

3i86 

40. 

7.44 

8.74 

-1.30 

2.96 

128. 

12.97 

13.60 

-.63 

3.78 

7. 

15.71 

22.02 

-6.30 

7.83 

R5I 

)UCT10N 

5 

104. 

12.81 

12.73 

• 08 

3.54 

14. 

7.21 

9.06 

-1.65 

2.27 

88. 

13.45 

13.12 

.34 

3.72 

2. 

23.50 

21  .18 

2.32 

2.66 

REDUCTION  5 

19. 

13. 06 

15.39  -2.34 

4.60 

17. 

13.13 

14.69  -1.56 

3.70 

2. 

12.45 

21.38  -8.93 

9.21 

REDUCTION 

5 

58. 

14.23 

14.07 

.16 

5.44 

a. 

12.36 

9.03 

3.33 

7.13 

49. 

14.41 

14.73 

-.32 

5.16 

1 . 

20.60 

22.SP 

-1.90 

1.90 

REDUCTION  6 


175. 

11.82 

12.89 

-1.08 

3.73 

39. 

130. 

6. 

7.30 

12.97 

16.15 

8.65 

13.76 

21.75 

-1.34 

-.79 

-5.60 

2.98 

3.67 

7.50 

REDUCTION 

6 

1 04. 

12.81 

12.95 

-.15 

3.39 

15. 
’ 86. 

3. 

7.20 

13.38 

24.33 

9.14 

13.33 

21.15 

-1.94 

.05 

3.18 

2.33 

3.53 

3.80 

REDUCTION 

6 

19. 

13.06 

15.42 

-2.36 

4.60 

16. 

3. 

13.22 

12.17 

14.39 

20.89 

-1.17 

-8.72 

3.23 

8.87 

REDUCTION 

6 

58. 

14.23 

13.98 

.25 

5.45 

8. 

48. 

2. 

12.36 

14.49 

15.55 

9.06 

14.52 

20.87 

3.31 

-.02 

-5.32 

7.14 

5.03 

6.89 

REDUCTION  5 


REDUCTION  6 


47.  12.45  12.32 


13  3.10 


47.  12.45  12.37 


08  3.07 


r ' . : ; - 

!,r  / : 

TABLE  8.19  (4) 


• C»0 

9.99 

9. 

10.04 

8.30 

1.74 

2.64 

9. 

8.62 

8.46 

.16 

2.35 

9. 

8.62 

8.48 

.14 

2.37 

10.00 

19.99 

38. 

13.02 

13.18 

-.16 

3.74 

37. 

13.04 

13.02 

.02 

3.23 

37. 

13.04 

13.08 

-.04 

3.19 

20.00 

29.99 

0. 

.00 

.00 

.00 

.00 

1. 

25.00 

20.87 

4.13 

4.13 

1. 

25.00 

21.33 

3.67 

3.67 

f 

SL2-3  POLAKIZATION  HV/VH 

QUALITY 

D 

REDUCTION  4 

REDUCTION 

5 

REDUCTION 

6 

2^. 

14.34 

12.53 

1.81 

3.72 

26. 

14.34 

12.33 

2.00 

4.15 

28  . 

14.34 

12.32 

2 .01 

4.15 

t 

.00 

9.99 

3. 

1 1 .80 

8.77 

3.03 

3.21 

2. 

12.00 

9.73 

2.27 

2.52 

2. 

12.00 

9.78 

2.22 

2.48 

1 

10.00 

19.99 

25. 

14.64 

12.98 

1.66 

3.77 

26. 

14.52 

12.53 

1.98 

4.25 

26. 

14.52 

12.52 

2.00 

4.25 

! 

SL2^3 

POLAF 17AT 

ION  HV/VH 

QUALITY 

M 

L 

REDUCTION  4 

REDUCTION 

5 

REDUCTION 

6 

l^r 

6'/. 

21.06 

19.22 

1.84 

5.12 

67. 

21.06 

19.36 

1.70 

5.26 

67. 

21  .06 

19.32 

1.74 

5.25 

*00 

9.99 

12* 

8.17 

7.81 

.36 

2.43 

9. 

7.78 

8.67 

-.89 

2.30 

10. 

7.70 

8.77 

-1.07 

2.31 

10.00 

19.99 

31. 

16.29 

14.34 

1.95 

5.00 

36. 

16.22 

14.65 

1.57 

5.02 

36. 

16.94 

14.80 

2.15 

5 .48 

1 

20. QO 

29.99 

13. 

27.85 

24.03 

3.82 

6.93 

12. 

28.08 

24.43 

3.65 

6.59 

11  . 

27.64 

24.83 

2.81 

5.73 

1 

3 0.00 

39.99 

5. 

37.40 

32.85 

4.55 

5.65 

5. 

39.40 

32.83 

6.57 

7.24 

5. 

39.40 

33.28 

6.12 

6.93 

I 

40.00 

49.99 

5. 

41.60 

43.98 

-2.38 

4.92 

4. 

43.25 

44.15 

-.90 

3. 80 

4. 

43.25 

44.21 

-.96 

3.77 

I 

:^0  *00 

59.99 

1. 

51.00 

52 . 91 

--1.91 

1.91 

1. 

50.00 

57.69 

-7.69 

7.69 

1 . 

50.00 

57.47 

-7.47 

7.47 

St  2 -3 

POtAriZATION  HV/VH 

QUALITY 

Od 

REDUCTION  4 

REDUCTION 

5 

R EDUCTION 

6 

1 

O 

i 

164, 

11.97 

13.12 

-1.15 

3.89 

164. 

11.97 

12.83 

-.86 

3.75 

164. 

11.97 

12.87 

-.89 

3.70 

.00 

9.99 

34. 

7.40 

7.85 

-.45 

2.96 

35. 

7.11 

8.54 

-1.43 

3.23 

34. 

7.09 

8.50 

-1.41 

3.27 

10.00 

19.99 

122. 

12.35 

13.98 

-1.13 

3.82 

125. 

13.13 

1 3 .75 

-.62 

3.82 

127. 

13.13 

13.82 

-.69 

3.74 

ji  c3 

20*00 

29.99 

8. 

18.01 

22.36 

-4.35 

7.08 

4. 

18.47 

21  .79 

-3.32 

5.33 

3. 

18.30 

22.02 

-3.72 

5.95 

^ ^ ■ S 

St  2 -3 

POLARIZATION  HV/VH 

MANUSCRIPT  ANALYSIS 

P C-  ^ 
r tS 

REDUCTION  4 

REDUCTION 

5 

REDUCTION 

6 

!•;  ^ HQ. 

f W 

103. 

12.82 

13.1 6 

-.35 

3.5  2 

103. 

12.82 

12.57 

.25 

3.35 

103. 

12.82 

12.66 

.15 

3.27 

h o 

'X5  ^ 

.00 

9.99 

16. 

8.13 

8.93 

-.81 

2.35 

19. 

7.37 

8.84 

-1.47 

2.04 

18. 

7.33 

8.80 

-1.47 

2.03 

10.00 

19.99 

63. 

13.28 

13.55 

-.27 

3.73 

82. 

13.82 

13.22 

.59 

3.59 

83; 

13.75 

13.29 

.45 

3.50 

20.00 

29.99 

4. 

22.00 

22.14 

-.14 

3.07 

2. 

23.50 

21.12 

2.38 

2.95 

2. 

23.50 

21.32 

2.18 

2.64 

St  4 

rOtAFlZATION*  VV 

QUALITY 

A 

p 

REDUCTION  4 

REDUCTION 

5 

reduction 

6 

;i 

8. 

2 4.89 

21.44 

3.45 

4.97 

8. 

24.89 

21.21 

3.68 

5.17 

8. 

24.89 

21.85 

3*04 

4 .60 

if 

10.00 

19.99 

3. 

24.03 

18.64 

5.40 

5.59 

2. 

24.95 

17.94 

7.01 

7.02 

3. 

24.03 

18.73 

5 .30 

5.69 

I'l 

u.  • 

H.  ' 

2L.00 

29.99 

5. 

25.40 

23.11 

2.29 

4.56 

6. 

24.87 

22.30 

2.56 

4.37 

5. 

25.40 

23.72 

1 .68 

3.80 

St  4 

POLAF12ATiOJ>J  VV 

QUALITY 

Q 

I 


»•'  308 


TABLE  8.19  (5) 


REDUCTION  <.  REDUCTION  5 REDUCTION  6 


70. 

21*53 

20.56 

.97 

S.43 

70. 

21.53 

20.27 

1.26 

5*89 

70. 

21.53 

20.63 

*90 

5^52 

. aO 

.9.99 

1. 

9.70 

7,85 

1.05 

1.85 

0. 

.00 

. TO 

• OG 

.00 

1. 

9.70 

8.18 

1.52 

1.52 

lU.OO 

19.99 

37. 

17.48 

16.74 

.73 

4.78 

38. 

17.53 

16.44 

1.09 

5.29 

36. 

17.41 

16.51 

.89 

4.66 

^0.00 

29.99 

27. 

25*07 

24.25 

.82 

5*45 

30. 

25.80 

24.34 

1.46 

6.16 

29. 

25.50 

24.56 

.93 

6.13 

30.00 

39.99 

5. 

34.80 

31.41 

3.39 

9.10 

2. 

33.40 

31.86 

1.54 

10.62 

4. 

32.85 

32.21 

*64 

8.06 

POLARIZATION  VV 

CUALITY 

C 

REDUCTION  A 

REDUCTION 

5 

R EDUCTION 

6 

2B. 

21.47 

22.16 

-.68 

5.52 

28. 

21.47 

22.59 

-1.12 

5.98 

28. 

21.47 

22.47 

-1.00 

5.71 

10.00 

19.99 

13. 

17.91 

16.86 

1.05 

4.5  0 

13. 

17.91 

17.23 

• 6 B 

5.10 

12* 

17.16 

16.55 

*61 

4*55 

2 j.00 

29.99 

12. 

24.21 

25.26 

^1.05 

3.36 

11. 

23.80 

25.18 

-1.38 

4.14 

11. 

23.89 

24.44 

-.55 

4*48 

i0,00 

39.99 

3. 

26.00 

32.72 

-6.72 

12.29 

4. 

26.67 

32.91 

-6.24 

10.92 

5. 

26*52 

32.34 

-5.82 

9.42 

POLARIZATION  VV 

QUALITY 

D 

REDUCTION  4 

REDUCTION 

5 

REDUCTION 

6 

137. 

26.11 

24.07 

2.04 

6.87 

137. 

26.11 

23.98 

2.14 

7.00 

137. 

26.11 

23.97 

2.14 

6.60 

.GO 

9.99 

3. 

12.33 

9.26 

3.07 

5.89 

1. 

11.00 

9.65 

1.35 

1.35 

1. 

11.00 

9.27 

1.73 

*1.73 

10.00 

19.99 

51. 

16.91 

15.66 

1.25 

5.70 

51. 

16.95 

15.31 

1.64 

5.67 

50. 

16.84 

15.37 

1.46 

5.25 

40.00 

29.99 

47. 

27.8  6 

25.50 

2.37 

6.97 

47. 

26.50 

24.77 

1.72 

7.58 

49. 

26.45 

24.92 

1.53 

7.24 

30.00 

39.99 

31. 

37.05 

34*26 

2.79 

8.61 

34. 

38.06 

34.16 

3.90 

8*33 

33. 

38.36 

33.84 

4.53 

8.48 

aO.OO 

49.99 

5. 

43.94 

42.17 

1.77 

5.18 

4. 

40.65 

42.10 

-1.45 

1.68 

4. 

40.65 

42.20 

-1.55 

1.68 

SL4 

POLARIZATION  VV 

QUALITY 

REDUCTION  4 

REDUCTION 

5 

REDUCTION 

6 

236. 

18.40 

19.90 

-1.51 

7.02 

236. 

18.40 

20.00 

-1.61 

7.03 

236. 

18.40 

19.89 

-1.49 

7.07 

.GO 

9.99 

3. 

12.13 

9.01 

3.12 

4.3  7 

3. 

12.13 

8.38 

3.75 

4.69 

3 . 

12.13 

6.60 

5.54 

6.58 

to  .00 

19.99 

131 . 

14.57 

15.67 

-1.11 

5.28 

136. 

14.84 

15.88 

-1.04 

5.51 

135. 

14.53 

15.71 

-1.19 

5.67 

4 0.00 

29.99 

64. 

22.24 

23.73 

-1.49 

7.98 

80. 

21.86 

24.21 

-2.35 

8.45 

79. 

22.26 

24.00 

-1.74 

8.04 

3 0.00 

39.99 

15. 

27.97 

33.37 

-5.41 

11.42 

15. 

31  .61 

34.46 

-2.85 

9.11 

17. 

30.6f 

33.78 

-3.10 

9.89 

40.00 

49.99 

3. 

36.30 

41.13 

-4.83 

14.32 

2. 

31.70 

41.01 

-9.31 

15.83 

2. 

31.70 

41.25 

-9.55 

16.64 

StA 

POLARIZATION  HH 

QUALITY 

A 

REDUCTION  4 

REDUCTION 

5 

reduction 

P. 

24*89 

22.94 

1.94 

4.31 

8. 

24.89 

22.94 

1.95 

4.49 

8. 

24.89 

23.49 

1.A0  "^.82 

10.00 

19.99 

f. 

18.10 

18.12 

-.02 

.02 

0. 

.00 

.00 

.00 

.00 

1 . 

18.10 

18.42 

-.32 

.32 

2 .00 

29.99 

7. 

25.86 

23.63 

2.22 

4.61 

8. 

24.89 

22.94 

1.95 

4.49 

7. 

25.86 

24.22 

1 .64 

4.08 

sl4  polarization  hh  quality  B 


REDUCTION  A 


REDUCTION  5 


REDUCTION  6 


TABLE  8.19  (6) 


7i\ 

21.49 

20.73 

.76 

6.84 

76. 

21.49 

20.68 

.62 

6.99 

76. 

21.49 

21.28 

.21 

6.69 

.CO 

9.99 

1. 

9.70 

6.21 

3.  49 

3.49 

0. 

.00 

.00 

.00 

.00 

1 . 

9.70 

7.20 

2.50 

2.50 

10.00 

19.99 

32. 

17.95 

16.30 

1.15 

5.10 

33. 

16.09 

16.71 

1.39 

5.58 

29. 

17.33 

16.81 

.52 

4 .84 

^0.00 

29-99 

AP. 

2 3.  a 5 

23. A3 

.42 

7.03 

4 2 , 

24.10 

23.90 

.19 

7.93 

45. 

24.37 

24.20 

.17 

7.66 

3 0.00 

3 9.99 

T 

31.77 

31. A6 

.30 

Soil 

1. 

24.20 

31  .33 

-7.13 

7.13 

1. 

24.20 

33.20 

-9.  CO 

9.00 

LA 

POLAR  IZ 

ATI  ON:  HH 

QUALITY 

REDUCTION  A 

RfcOUCTION 

5 

REDUCTION  6 

37. 

19.39 

23.10  -3.70 

7.57 

37. 

19.39 

23.31 

-3.92 

7.52 

37. 

19.39 

23.30  -3.91 

7.59 

1C  .00 

19.99 

IQ. 

17.70 

17. HU  2 .28 

3.17 

10. 

17.70 

17.56 

.14 

2.84 

10. 

17.70 

16.89  .81 

3.30 

^0.00 

29.99 

25. 

19.62 

2 A. 56  -4.94 

8.57 

24. 

18.85 

24.64 

-5.79 

8.69 

22. 

18.52 

24.34  — 5.82 

8.74 

3 0.00 

39.99 

2. 

25.00 

33.17  -8.17 

9.54 

3. 

29*40 

31.38 

-2.48 

8.20 

5. 

26.62 

31.57  -4.95 

8.24 

SlA  P0LARI7ATI0N  HH  DUALITY  D 


REDUCTION  4 

REDUCTION 

5 

REDUCTION 

6 

135. 

26.27 

22.82  3.44 

8.49 

135. 

26.27 

22.70 

3.57 

8.85 

135. 

26.27 

22.79 

3.48 

8.73 

.00 

9.99 

0. 

*00 

.00  .00 

.00 

1. 

19.70 

9.42 

10.26 

10.28 

1 . 

19.70 

9.24 

10.46 

10.46 

10*00 

19.99 

52. 

16.5? 

16.49  .09 

6.42  . 

44. 

17.1$ 

16.05 

1.10 

6.22 

48. 

16.59 

16.95 

-.37 

6.11 

: iiO.OO 

29.99 

63. 

30.51 

24.34  6.17 

9.82 

76. 

29.24 

24.48 

4.77 

10.36 

71  . 

30.23 

24.45 

5.78 

10.46 

^ iO.OO 

39.99 

18. 

37.84 

33.83  4.01 

9.16 

13. 

39.03 

34.40 

4.63 

6.77 

15. 

38.93 

34.46 

4*48 

6.46 

o 

VO 

i 4C.00 

49>99 

2 . 

40.25 

40.65  -.40 

1.31 

1 . 

42.00 

41.40 

.60 

.60 

0. 

.00 

.00 

• 00 

.00 

P0LAM7ATI0N  HH  QUALITY  ♦ 


REDUCTION  A 


REDUCTION  5 


REDUCTION  6 


236. 

18.34 

20.03 

-1.69 

7.53 

238. 

18.34 

.00 

9.99 

3. 

12.67 

9.18 

3.49 

6.12 

6. 

11.10 

1 C .00 

19.99 

115. 

15.00 

15.64 

-.63 

4.&5 

116. 

14.85 

20.00 

29.99 

106. 

20.59 

23.17 

-2.58 

6.78 

103. 

21  .40 

30.00 

39.99 

13. 

31.02 

34.06 

-3.07 

11.89 

11. 

28.20 

4 i'  . 00 

49.99 

1 . 

16.30 

41.93 

-25.63 

25.63 

2. 

30.85 

20.02 

-1.68 

7.47 

238. 

18.34 

19.82 

-1.48 

7.44 

9.35 

1.75 

4.65 

9. 

13.06 

8.65 

4.41 

6.98 

15.82 

-.97 

5.03 

118. 

15.10 

15.83 

-.73 

5.34 

23.52 

-2.12 

8.70 

97. 

20.81 

23.64 

-2.83 

8.95 

33.58 

-5.38 

12.65 

14. 

31.96 

34.19 

-2.24 

10.65 

40.57 

-9.72 

17.94 

0. 

.00 

.00 

.00 

.00 

SLA  POLARIZATION  HV/VH  QUALITY  A 

REDUCTION  A 


8. 

24.89 

21.56 

3.33 

4.47 

a. 

1 D.OO 

19.99 

3. 

21*5? 

19.51 

2.06 

3.47 

2. 

20.00 

29.99 

5. 

26.88 

22.79 

4.09 

4.97 

6. 

SLA  POLARIZATION  HV/VH  QUALITY  B 

REDUCTION  A 


70. 

21.53 

20. 

.78 

.75 

6.12 

70 

36. 

17.83 

16. 

.47 

1.36 

4.27 

37 

reduction  5 

REDUCTION  6 

24.89 

20.72 

4.17 

5.38 

8. 

24.89 

21.30  3.59 

4.71 

24.95 

*18.65 

6.30 

6.30 

2. 

21.25 

18.84  2.41 

4.82 

24.87 

21  .41 

3.46 

5.04 

6. 

26.10 

22.12  3.98 

4.67 

REDUCTION  5 

REDUCTION  6 

21  .53 

20.13 

1.40 

7.02 

70. 

21.53 

20.37  1.16 

6.69 

18.78 

16.67 

2.11 

5.50 

38. 

18.65 

16.74  1.91 

5 .05 
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TABLE  8.19  (7) 


^0*00 

29,99 

29. 

24.79 

24.10 

.70 

7.27 

23.29 

23.30 

,59 

8.51 

- 29, 

24.25 

23.91 

.34 

8.a4 

30,00 

39.99 

5. 

29.22 

32.60 

‘3.38 

9.29 

3. 

31  .77 

31.07 

.70 

7.29 

7 

• 

31.77 

32.05 

-.28 

8.13 

SL4 

POLAF  UAT 

ION  HV/VH 

QUALITY 

C 

REDUCTION  4 

REDUCTION 

5 

REDUCTION 

6 

29. 

20.72 

22.10 

-1.38 

5.73 

29. 

20,72 

2 2. 2 a 

-1.56 

6.21 

29. 

20.72 

22.40 

-1.68 

6.24 

10,00 

19,99 

13. 

16. 4S 

17.36 

‘.89 

4,81 

13. 

19.54 

17.71 

1.83 

4.66 

13. 

19.  $4 

17.62 

1.92 

4 .60 

2 0,00 

29,99 

13. 

23.74 

24.41 

-.67 

4.32 

11. 

19.66 

23.43 

-3.76 

6.28 

11. 

19.66 

23.54 

-3.68 

5.88 

30,00 

39.99 

3. 

26.00 

32.57 

-6.57 

11  .7  0 

5. 

26.10 

31.63 

-5.53 

8.99 

5. 

26.10 

32.75 

-6*65 

9.71 

SL4  I 

P0LARI2ATI0N  HV/ VH 

QUALITY 

D 

REDUCTION  4 

REDUCTION 

5 

REDUCTION 

6 

137. 

26.11 

23.65 

2.46 

7.66 

137, 

26,11 

23.51 

2.61 

8 .04 

137. 

26.11 

23._$3 

2.58 

7 *8  3 

10,00 

19,99 

51. 

17.45 

15.59 

1.87 

5.77 

57. 

17.78 

16.10 

1.68 

6.59 

59. 

17.85 

16.27 

1 .58 

6,34 

2 0,00 

2 9.99 

53, 

27.28 

24.69 

2.59 

8.65 

46. 

27,92 

24.57 

3.36 

9.58 

43. 

27.75 

24.66 

3.09 

9.21 

3 0.00 

39.99 

29. 

36.76 

33.40  • 

3.36 

8,88 

31  . 

37.17 

33.80 

3.37 

8.24 

33. 

37.90 

33,94 

3.96 

8.47 

40.00 

49.99 

4. 

43.77 

42.10 

1.67 

4.92 

3. 

42.37 

41  .51 

.85 

4.37 

2. 

40.25 

41.99 

-1.74 

2.56 

SL4  i 

POLATIZATION  HV/VH 

QUALITY 

4 

REDUCTI0f4  4 

REDUCTION 

5 

REDUCTION 

6 

236. 

18.48 

o 

• 

o 

-1.59 

7.09 

236. 

18.48 

20.36 

-1*88 

7,11 

236. 

18.48 

20.24 

-1  ,76 

7.07 

.00 

9,99 

6. 

9 .77 

9.44 

.33 

2.13 

0. 

.00 

.00 

• 00 

.00 

4. 

8.97 

9.33 

-.35 

2.49 

10.  -0 

19.99 

124. 

14.86 

15.86 

-1,00 

5.27 

136. 

15.16 

16.25 

-1.10 

5.73 

133. 

15.18 

16.27 

-1.09 

5.81 

2 0,00 

29.99 

92. 

22.04 

24.  11 

-2.07 

8.17 

82. 

2n23 

24.08 

-2.85 

8,45 

80. 

21.35 

24.02 

-2.67 

B.45 

3 0,00 

39.99 

13. 

29.79 

34,94 

-5.15 

13.13 

17. 

30.24 

34.01 

-3.77 

9.66 

18. 

30.69 

33.99 

-3 . 29 

9.25 

4 0 , T 0 

49.99 

1. 

45.40 

42.24 

3.16 

3.16 

1. 

45.40 

40.86 

4.54 

4.54 

1 . 

45.40 

40.79 

4.61 

4.61 

ERROR  ANALYSIS  OF  THE  DIFFERENCE  BETWEEN  THE  METEOROLOGICAL  WIND 
AND  THE  RADAR  WIND 


Introduction.  In  Chapter  4,  Table  4.6  gave  estimates  of  the  errors 
in  the  meteorological  winds.  These  errors  represent  the  kinds  of  errors 
presently  existing  in  the  description  of  the  vector  wind  field  in  the 
planetary  boundary  layer  over  the  oceans.  Although  the  instantaneously 
measured  wind  direction  and  speed  are  determined  with  greater  claimed 
accuracy  than  this  by  well  designed  and  properly  installed  anemometers, 
these  errors  arise  because  of  the  lack  of  adequate  temporal  averaging 
procedures  so  as  to  obtain  a stable  estimate  of  th4  wind  speed  and 
direction  truly  representative  of  the  desired  synoptic  scale  and  because 
of  the  need  to  interpolate  to  a grid  of  points  in  numerical  analyses. 

In  the  preceding  sections  of  Chapter  8,  regression  techniques  have 
yielded  ways  to  determine  the  magnitude  of  the  vector  wind  from  a radar 
backscatter  measurement  under  the  assumption  that  the  meteorological 
wind  direction  corresponds  to  the  radar  wind  direction.  In  this  section, 
an  analysis  is  given  of  the  difference  between  the  magnitude  of  the 
meteorological  wind  and  the  magnitude  of  the  radar  wind  subject  to  this 

constraint. 

Analysis.  As  in  an  analysis  paralleling  the  one  in  Chapter  4,  when 
two  ships  were  compared,  let  be  the  meteorological  wind  and  be  the 

radar  wind. 

^1=  (V^+E^,,  EaP  (8*72) 

= (Vt+Ei2>  Egg)  (8.73) 

The  error  vectors  are  E^^  , parallel  to  the  true  wind  for  the  meteorological 
wind,  Egj,  normal  to  the  true  wind  for  the  meteorological  wind,  E^g 
parallel  to  the  true  wind  for  the  radar  wind,  and  Egg,  normal  to  the 
true  wind  for  the  radar  wind. 
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The  difference  between  the  meteorological  wind  and  the  radar  wind 


is  given  by  equation  (8.74), 


-^12-  ^3, 


(8.74) 


From  Figure  8.29,  the  requirement  that  the  radar  wind  be  in  the 
same  direction  as  the  meteorological  wind  imposes  the  constraint  given 
by  equation  (8.75), 


tan  AX  = 


T 


(8.75) 


which  yields  the  condition  that 


8,3  - 


(8.76) 


When  this  condition  is  imposed,  equation  (8.74)  becomes  equation  (8.77) 


V,  +E. 


-*  -+  r / T ' 1S\T 

V ''r  > "3.(i-7-;i;;)j 


(8.77) 


There  is  a common  factor  in  each  component,  and  equation  (8.77) 


can  be  written  as  (8.78). 


^m-Vr  » (E 


(8.78) 


Since  the  two  vectors  are  constrained  to  have  the  same  direction,  AX, 
the  difference  in  the  magnitudes  can  also  be  found  in  equation  (8.79), 


I’ml  - I’rl  ‘ (E.i  -E„)[l  + (v,  W„)=3' 


or,  in  the  notation  of  the  preceding  sections,  as  in  equation  (8.80). 


(8.80) 


The  calculation  of  e(U„  - U^)  and  e(U^-Ur>3  from  equation  (8.80) 
is  not  simple  even  under  the  further  assumption  that  E^^,  and 

Egg  are  normally  distributed  independent  random  variables  as  in 
Chapter  4.  The  term  in  the  denominator  and  the  square  root  cause 
difficulties.  The  second  term  in  equation  (8.80)  will  be  approximated 
in  a way  not  strictly  correct  but  that  probably  suffices. 

Consider  the  vector, 

% = =3,) 

The  expected  value  of  the  variance  la  given  hy  equation  (8.82)  and 
ec^uetion  (8«83)  for  each  component* 


e(V^+Eii)^  = + Dll 


(8.82) 


and 


S<E8i)  = ^31 


(8.83) 

If  the  approximation  that  equation  (8.80)  can  be  represented  by 
equation  (8.84)  is  made,  the  required  expectations  are  easily 
calculated. 


For  example 
and 


r,  ^31  nh 

e(Vm  - Ur)  = 0 

e(\-V3  » (Dii+D^g)  (l+v^  + D^P 


(8.84) 


(8.85) 


(8.86) 
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The  quantity  represented  by  equation  (8*86)  was  minimized  iii  the 

regression  techniques  that  were  used  to  predict  the  meteorological  wind 

from  the  radar  wind.  The  root  mean  square  difference  between  the 

iqeteoro logical  wind  and  the  radar  wind  is  an  estimate  of  the  square 

root  of  the  right  hand  side  of  equation  (8.86).  Equation  (8.86) 

also  shows  that  the  differences  between  the  two  wind  values,  and 

U are  dominantly  related  to  errors  in  the  component  parallel  to 

the  true  wind  and  secondarily  related  to  the  tangent  of  the  angle 

2 ^ ^ 

between  the  true  wind  and  meteorological  wind.  The  ratio, 

is  an  approximation  to  the  variance  of  the  tangent  of  the  angle  between 

the  true  wind  and  the  meteorological  wind. 

From  Table  4.6,  this  ratio  can  be  computed  for  the  ranges,  0 to  10, 
10  to  20,  and  20  to  30  knots  by  using  the  mid- value  of  each  range  for 
J They  are  given  in  Table  8.20,  along  with  the  arctangent  of  the 
sqiiare  root,  and  the  factor  by  which  the  variances  of  the  parallel 
component  errors  must  be  multiplied  to  account  for  errors  in  direction. 

Table  8.20  Approximate  values  for  the  difference  correction  and  the 
standard  deviation  of  the  angle  between  the  true  wind  and 
the  meteorological  wind  for  mid-range  values  of  5,  15,  and 
25  knots. 


a 2 2 


4X  1+(Djj/(V°+d"j» 


Weather  Ship 
0 - 10  knots 
10  20  knots 

20  - 30  knots 

0.17 

0.05 

0.03 

22° 

13° 

10° 

1.17 

1.05 

1.03 

Transient  Ship 

0-10  knots 

0.30 

29« 

1.30 

10  - 20  knots 

0.09 

17° 

1.09 

20  - 30  knots 

0.06 

13° 

1,06 

Synoptic 

0-10  knots 

0.46 

34“ 

1.40 

10  - 20  knots 

0.12 

19° 

1.12 

20  - 30  knots 

0.08 

16° 

1.08 

315 


ThlS‘  factor  ranges  from  1.03  for  weather  ship  observations  between 
20  and  30  knots  to  1.46  for  synoptic  estimates  between  zero  ^uld 
10  knots.  The  value  of  A X exceeds  20°  for  winds  between  zero  and 
10  knots  for  all  classifications. 

The  values  of  which  account  for  the  effects  of  direction 

errorSj  are  given  in  Table  8.21  for  comparison  with  the  estimates 
obtained  from  the  regression  analyses.  For  wind  speeds  greater  than 
30  knots,  the  additional  effect  of  direction  errors  has  been  assumed 
negligible  and  D*^  = from  Table  4.6. 


Table  8.21  Values  of  computed 

Wind  Range  (knots)  Weather  Ship 


D* 

11 

0 to  10 

5.^ 

2.4 

10  to  20 

12.5 

3.5 

20  to  30 

19.  i 

4.4 

GT  30 

36 

6 

from  Table 

8.20  and 

Table  4.6. 

Transient 

Ship 

Synoptic  Analyst 

(D*  )2 

D* 

11 

^ri 

12.9 

3.6 

27.9 

5.3 

25.8 

5.1 

35.1 

5.9 

39.5 

6.3 

55.8 

7.5 

71.5 

8.5 

101 

10 
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ERROR  ANALYSIS  OF  THE  RAQAR  WIND  MAGNITUDES 


Introduction.  A question  that  demands  an  answer  is:  "How  much  of 

the  mean  square  difference  between  the  meteorological  wind  and  the 
radar  wind  is  caused  by  the  errors  in  the  meteorological  wind  and  how 
much  is  caused  by  errors  in  the  radar  measurement?"  This  question  is 
answered  below  under  the  assumption  that  the  contribution  of  the  radar 
wind  to  the  total  mean  square  dlfferenoe  is  independent  of  the  magnitude 
of  the  radar  wind. 

Analysis.  Let  Uy  be  the  radar  wind  predicted  by  a given  method 
for  W polarization*  let  be  the  one  for  HH  polarization,  and  let 
Ux  be  the  one  for  cross  polarization.  Then 


Uv 

= Ux  +Ey 

(8.87) 

Uh 

Ut+Eh 

(8.88) 

Ux 

a Ut  + Ex 

(8.89) 

where  Ey  , E^  and  Ex  ere  the  radar  errors  in  the  wind  speed  estimates. 

The  various  expectations  using  the  same  assumptions  as  before 
about  the  distribution  of  errors  are  given  below. 


e(Uv  - Uh)  » e(Ev  -E„)  =0 

(8.90) 

e(Uv  -u^)  = e(Ev  -Ep  * 0 

(8.91) 

e(Un  -Ux)  = £(Eh  -Ex)  =0 

(8.92) 

^(Uv UhXI.  » e(Ef)  + e(Ej ) 

(8.93) 

e(u„  - Ux)2  = e(Ev)  + e(Ex) 

(8.94) 

£(Uh  - Ux)2  = S(E^)+e(Ex) 

(8.95) 

The  estimates  of  these  quantities  were  calculated  from  the  data 
and  are  given  in  Table  8,22,  There  were  382  values  for  SL  2/3  and 
470  values  for  SL  4.  The  biases  (equations  (8,90),  (8.91)  and  (8.92)) 
are  satisfactorily  small.  The  values  for  the  left  hand  side  of 


317 


equations  (8.93),  (8.94)  and  (8.95)  are  also  tabulated  for  three 
different  methods  and  for  SL  2/3  and  SL  4.  The  estimate  of  the  mean 
square  differences  are  larger  for  SL  4 than  for  SL  2/3. 

Given  the  left  hand  side  of  equations  (8.93),  (8.94)  and  (8.95), 
the  variances  and  standard  deviations  of  Ey  , and  E,;  can  be  found. 
These  are  also  given  in  Table  8.22.  They  are  quite  small  for  SL  2/3 
and  modestly  noticeable  fOr  SL  4.  The  largest  standard  deviation  is 
3.24  knots  for  HH  SL  4,  method  6.  Even  with  a damaged  instrxmient, 
all  values  are  under  2 meters  per  second.  The  increase  in  the  radar 
error  variance  may  have  several  explanations  and  be  a combination  of 
a number  of  factors  such  as  the  variability  due  to  attenuation  effects, 
which  are  not  treated,  increased  cross  polarization  interactions,  and 
raised  thresholds.  The  covariances  of  the  differences  should  be 
investigated.  There  may  be  information  on  additional  radar  effects 
in  a more  detailed  analysis  of  these  data. 

It  should  be  noted  that  Table  8.20  only  finds  the  correction  for 
to  obtain  as  in  equation  (8.86).  The  value  of 

for  each  polarization  has  been  found  in  this  section  since  e (^E 
D*  for  ^ polarization,  and  so  forth. 
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Table  8.22  Cross  comparisons 
and  radar  error 


between  different  polarizations  for  SL 
variances  derived  therefrom.  Units  are 


2/3  (382  values)  and  SL  4 (470  values) 
knots  and  (knots)® • 


Polarization 

Combination 

W/HH 

W/HV 

HH/W 

W/HH 

SL  2/3  Bias 
SL  2/3  HSD 
SL  4 Bias 

*31 

not  used 
not  used 

••  .02 

0.11 

2.82 

- .33  0*30 

SL  4 MSD 

15.52 

6.97 

9*30 

14.14 

W/HV 

HH/HV 

W/HH 

W/HV 

HH/HV 

0.14 

0.03 

0.11 

0.13 

0.02 

2.89 

1.90 

2.79 

3.13 

2.16 

-0.01 

-0.31 

0.29 

-0.00 

-0.29 

5.76 

9*18 

16.65 

7.29 

11.70 

Error 

SL2/3  Variance  ' 
SL2/3  Stand.Deu 
Error 

SL4  Variance  6.59 
SL4  Stand.  Dev.  2.57 


not  used 

1.90 

0.92 

0.98 

1.88 

0.91 

1.25 

not  used 

1.38 

0.96 

0.99 

1.37 

0.95 

1.12 

8.93 

0.38 

5.35 

8.78 

0.40 

6.12 

10.53 

1.16 

2.99 

0.61 

2.32 

2.96 

0.63 

2.47 

3.24 

1.08 

COMPOSITE  ERROR  ANALYSIS 

Enough  is  now  known  to  balance  the  error  budget.  Before  doing  so, 
the  last  step  in  the  analysis  needs  to  be  derived.  The  problem  is  that 
neither  the  true  meteorological  wind,  in  the  absence  of  substantial  error, 
nor  the  true  radar  wind,  which  in  a perfect  theory  ought  to  equal  the 
meteorological  wind,  is  known. 

Consider  equation  (8.96),  which  is  an  identity. 

Um  - Ur  » (Um  - U^)  - (Ur  - U^)  (8.96) 

* 

This  equation  follows  a technique  of  Lorenz  (1971)  , • given  in  a presenta- 
tion accompanying  the  cited  paper,  but  the  paper  does  not  contain  these 
equations. 

If  the  expectations  of  equation  (8.96)  and  of  its  square  are  taken, 
and  if  the  error  structure  is  as  has  been  assumed,  the  results  are  equa- 
tions (8.97)  and  (8.98) 

e(Um  - Ur)  = 0 (8.97) 

e(Um  - Ur)"^  = e(Uj„  - Ut)^  -2e(Uni  - U^  ) (Ur  - U^)  + e(Hr  - U^  )®  (8.98) 

By  means  of  the  regression  techniques  that  have  been  employed, 
equation  (8.97)  holds  for  the  data  sets.  Also,  the  left  hand  side  of 
equation  (8.98)  has  been  minimized  for  the  particular  technique  used. 

This  does  not  necessarily  mean  that  the  absolute  minimum  has  been  found. 

A better  model  might  be  discovered.  Also  for  wind  speed  ranges  with 
sparse  data,  the  models  may  underestimate  the  contributions  to  the  left 
hand  side. 

The  first  term  on  the  right  hand  side  of  equation  (8.98)  was  found 
for  different  wind  speed  ranges  and  different  types  of  surface  truth 
in  Chapter  4 from  essentially  independent  data.  For  the  assumptions 

Lorenz,  E.N.  (1971)  Fundamental  Limitations  in  Ocean  and  Atmospheric 
Prediction.  Eight  U.S.  Navy  Symposium  of  Military  Oceanography,  Vol.  1, 
pp.  365-369  Naval  Post  Graduate  School,  Monterey,  California. 
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that  have  been  used,  the  middle  term  is  zero.  The  various  sources  o£ 
error  in  the  meteorological  winds  arise  from  factors  that  are  different 
from  the  various  sources  of  error  in  the  radar  winds.  One  possible 
coupling  is  through  the  very  small  corrections  to  the  nominal  nadir 
angles,  and  this  effect  must  be  small.  The  last  term  was  found  in 
the  preceding  section.  Since  the  method  for  finding  the  first  term  on 
the  right  hand  side  could  not  detect  a bias  term,  the  bias  in  the  meteo- 
rological wind,  if  one  exists,  must  be  balanced  by  an  equal  and  opposite 
bias  in  the  radar  winds,  and  these  biasses  can  only  be  determined  after 
the  meteorological  winds  are  measured  much  more  accurately. 

With  equation  (8.98),  the  balance  can  now  be  found.  This  is  done 
in  Tables  8.23  and  8.24.  The  results  are  stratified  according  to 
type  and  the  range  in  knots  of  the  radar  wind  predictions  by  pooling  the 
three  largest  nadir  angles  for  the  three  polarizations  and  method  6. 

The  results  are  sufficiently  different  for  different  polarizations  to 
require  some  interpretation.  The  ranges  in  knots  are  really  0 to  9.99 
and  so  on. 

The  total  variance  comes  from  Table  8.19.  It  equals  the  sum  of 
the  squares  of  the  differences  between  the  meteorological  wind  and  the 
radar  wind  for  all  pairs  in  the  appropriate  category.  The  meteorological 
variances  for  Tables  8.23  and  8.24  comes  from  Table  8.21  via  Tables  8.20 
and  4.6. 

The  total  error  variance  should  equal  the  meteorological  error 
variance  plus  the  radar  error  variance  for  each  polarization  combination 
within  the  effects  of  sampling  variability  which  is  large  for  small 
sizes.  Equation  8.98  need  not  balance  exactly  because  of  the  effects 
of  sampling  variability  and  sample  size. 


Table  8.23  Sky lab  2/3  Component  variance  analysis  for  the  three  highest  nadir  angles  (method  6). 
Units  are  knots  and  (knots)  . 


RAN®  TYM  VV 


TOTAL  VAR 
HH  HV/VH 


0-10 

A 

11.2 

10-20 

A 

84 

20-30 

A 

0-10 

B 

35.5 

10-20 

B 

27.4 

20-30 

B 

99 

0-10 

C 

6.5 

10-20 

C 

12.5 

20-30 

C 

15.5 
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0-10 

D 

10-20 

D 

14.7 

20-30 

D 

0-10 

BCD 

15.4 

10-20 

BCD 

18.7 

i-  ■*  , - - 

20-30 

BCD 

75.1 

9.9 

104.0 

52.1 
28.5 
57.3 

8.8 

13.2 

21.3 


8.5 

17.6 

66.1 


'g  hi 

• , u 

8^ 


0-10  SYN+  11 
10-20  SYN+  15.7 
20-30  SYN+  55.8 

COUNTS 


22.6 

21.1 

44.6 

8.88 

13.5 

56.2 


10.4 
78.7 

51.0 
25.3 

47.5 

5.6 

10.2 

13.5 

6.2 

18.1 


27.5 

18.6 
36.1 

10.7 

14.0 

35.4 


MET 

VAR 

5.7 

12.5 

19.1 

12.9 

25.8 

39.5 

12.9 

25.8 
39.5 

12.9 

25.8 
39.5 

12.9 

25.8 
39.5 

27.9 

35.1 
55.8 


VV 


RADAR  VAR 
HH  HV/VH 


UNEXP  VAR* 


UNEXP  SD** 


NUMBER 


W HH 


HV/VH  W HH  HV/VH  W HH  HV/VH 


1.9 

0.9 

1.2 

3.6 

1.9 

16 

17 

16 

II 

II 

II 

69.6 

3.5 

3*3 

8.3 

1.9 

1.8 

3 

II 

II 

II 

84.0 

58.3 

9.2 

7.6 

3 

3 

II 

II 

II 

20*7 

38.3 

36.8 

4.6 

6*2 

6.1 

4 

8 

8 

II 

II 

M 

0.3 

1.8 

1.7 

0.5 

1*3 

1.3 

49 

48 

48 

tl 

II 

II 

57.6 

16.9 

6.7 

7.6 

4*1 

2.6 

5 

2 

2 

II 

It 

IS 

8.3 

5.0 

8.5 

2.9 

2*2 

2.5 

9 

11 

9 

II 

II 

II 

15*2 

13.5 

16.8 

3.9 

3.7 

4.1 

51 

34 

37 

II 

II 

II 

25.9 

19.1 

27.2 

5.1 

4.4 

5.2 

2 

2 

1 

II 

II 

II 

5.3 

7.9 

2.3 

2.8 

6 

2 

II 

II 

II 

13.0 

9.1 

8.9 

3.6 

3.0 

3.0 

28 

25 

26 

II 

II 

II 

25.7 

5.1 

1 

II 

II 

II 

0.6 

8.8 

13.3 

0.8 

3.0 

3.7 

13 

25 

19 

II 

II 

II 

9.0 

5.6 

8.4 

3.0 

2.4 

2.9 

128 

107 

111 

II 

II 

II 

33.7 

4.2 

4.6 

5.8 

2.1 

2.1 

7 

5 

3 

31 

II 

II 

11 

11 

II 

18.8 

21.3 

19.9 

22.5 

18.4 

22.3 

4.3 

4*6 

4.5 

4.7 

4.3 

4.7 

24 

135 

39 

130 

34 

127 

>> 

II 

II 

1.9 

0.5 

21.6 

1.4 

0.7 

4.6 

6 

6 

3 

4/1/7 

5/1/8 

3/0/10 

4/4 

3/4 

2/6 

332 

332 
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Underlined  numbers  represent  the  amounts  by  which  the  sum  of  the  meteorological  error  variance 
and  the  radar  error  variance exceed  the  total  variance • 

**l,„derUned  numbers  are  the  aquare  roota  of  the  cotreapondlng  valuea  In  the  preceding  colnnna. 
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Table  8.24  Sky lab  4 component  variance  analysis  for  the  three  highest  nadir  angles  (method  6).  Units 
are  knots  and  (knots)®. 


TOTAL 

VAR 

MET 

RADAR 

VAR 

UNEXP 

VAR* 

UNEXP  SD** 

NUMBER 

RANGE 

TYBB 

w 

HH 

HV/VH 

VAR 

W 

HH 

HV/VH 

W 

HH 

HV/VH 

W 

HH 

HV/VH 

W 

HH 

HV/VH 

10-20 

A 

32.4 

0.1 

23.2 

12.5 

6.1 

10.5 

1.2 

13.8 

22.9 

9.6 

3.7 

4.8 

3.1 

3 

1 

2 

20-30 

A 

14.4 

16.6 

21.8 

19.1 

• t 

tl 

10.  S 

13.0 

1.5 

3.3 

3.6 

1.2 

5 

7 

6 

0-10 

B 

2.31 

6.2 

12.9 

II 

II 

It 

16.7 

17.2 

4.1 

4.1 

1 

1 

10-20 

B 

21.7 

23.4 

25.5 

25.8 

II 

II 

II 

10.2 

12.9 

1.5 

3.2 

3.6 

1.2 

36 

29 

28 

20-30 

B 

37.6 

50.7 

67.9 

39.5 

11 

II 

I* 

8.0 

8.6 

27.2 

2.8 

2.9 

5.2 

29 

45 

29 

GT  30 

B 

65.0 

81.0 

69.4 

71.5 

II 

II 

II 

12.6 

1.0 

3.3 

3.5 

1.0 

1.8 

4 

1 

3 

10-20 

C 

18.9 

10.9 

21.2 

25.8 

II 

II 

II 

13.0 

25.4 

5.8 

3.6 

5.0 

2.4 

12 

10 

13 

20-30 

C 

20.1 

76.4 

34.6 

39.5 

It 

II 

II 

25.5 

26.4 

6.1 

5.0 

5.1 

2.5 

11 

22 

11 

GT  30 

C 

88.7 

67.9 

94.3 

71.5 

II 

II 

II 

11.1 

14.1 

21.6 

3.3 

3.8 

4.7 

5 

5 

5 

0-10 

D 

3 

109.4 

12.9 

II 

II 

II 

16.0 

86.0 

4.0 

9.3 

1 

1 

10-20 

D 

27.6 

37.3 

40.2 

25.8 

41 

II 

II 

3.3 

1.0 

13.2 

1.8 

1.0 

3.6 

50 

48 

59 

20-30 

D 

52.4 

109.4 

84.8 

39.5 

It 

II 

•• 

6.8 

59.4 

44.2 

2.6 

7.7 

6.7 

49 

71 

43 

GT  30 

D 

64.3 

41.7 

68.0 

71.5 

II 

II 

11 

13.3 

40.3 

4.7 

3.6 

6.3 

8.2 

37 

15 

35 

0-10 

BCD 

2.65 

57.8 

12.9 

II 

II 

II 

16.4 

34.4 

4.0 

5.9 

2 

2 

10-20 

BCD 

24.4 

29.7 

32.9 

25.8 

II 

11 

II 

7.5 

6.6 

5.9 

2.7 

2.6 

2.4 

98 

87 

110 

20-30 

BCD 

43.6 

87.6 

72.2 

39.5 

II 

II 

II 

3»0 

37.6 

31.6 

1.7 

6.1 

5.6 

89 

138 

83 

GT  30 

BCD 

67 

49.8 

71.1 

71.5 

II 

II 

It 

10.6 

32.2 

1.6 

3.3 

5.7 

1.3 

46 

21 

43 

0-10 

SYN+ 

43.2 

48.7 

6.2 

27.9 

II 

It 

It 

9.1 

10.3 

22.9 

3.0 

3.2 

4.8 

3 

9 

4 

10-20 

SYN+ 

32.1 

28.5 

33.8 

35.1 

II 

II 

It 

9.1 

17.1 

2.5 

3.0 

4.1 

1.6 

135 

118 

133 

20-30 

SYN+ 

64.6 

80.1 

71.4 

55.8 

• I 

II 

2.7 

13.8 

14.4 

1.6 

3.7 

3.8 

79 

97 

80 

GT  30 

SYN+116.6 

113.4 

82.2 

101 

II 

II 

II 

9.5 

1.9 

20 

3.1 

1.4 

4.5 

19 

14 

19 

COUNTS  5/2/10  8/1/8  7/0/8  4/1/5  5/1/4  5/0/4  479  494  480 


‘"‘Underlined  numbers  represent  the  amounts  by  which  the  sum  of  the  meteorological  error  variance 
and  the  radar  error  variance  exceed  the  total  variance . 

**Underlined  numbers  are  the  square  roots  of  the  corresponding  values  in  the  preceding  columns. 
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The  sample  sizes  are  sometimes  misleading  in  meteorological  and  oceano- 
graphic data  analysis  because  of  spatial  and  temporal  correlations  be- 
tween observations.  Frequently  an  entire  sequence  of  values  can  be  too 
high  or  too  low.  The  use  of  the  F test  and  of  fiducial  confidence  in- 
tervals on  these  estimates  of  the  various  variances  involves  fewer  than 
the  apparent  number  of  degrees  of  freedom,  and  this  correction  has  not 
been  attempted. 

There  is  little  need  for  this  degree  of  sophistication  in  the  in- 
terpretation of  these  two  tables  except  to  note  that  the  fiducial 
confidence  intervals  on  samples  of  the  size  shown  are  quite  broad  ariH 
that  F test  of  ratios  of  the  various  variances  would  lead  in  general 
to  the  conclusion  that  they  may  well  have  come  from  the  same  population. 

The  overall  features  of  Tables  8.23  and  8.24  are  what  should 
dominate  their  interpretation.  In  general  the  total  variance  increases 
with  wind  speed.  The  exceptions  are  all  for  the  zero  to  ten  knot 
range,  and  plausible  explanations  for  this  fact  were  given  in  Chapter  4 
and  in  the  study  of  the  regression  methods. 

The  values  for  the  unexplained  variance  represent  the  total  vari- 
ance minus  the  sum  of  the  meteorological  error  and  radar  error  vari- 
ances where  underlined  values  indicate  that  the  estimates  of  the  two 
error  variances  add  up  to  more  than  the  estimate  of  the  total  variance. 

If  the  independently  obtained  total  variance  estimates  and  meteorological 
variance  estimates  had  been  from  much  larger  samples,  say  one  hundred 
times  larger,  then  these  sums  could  have  balanced  much  more  closely. 

The  unexplained  standard  deviations  are  the  square  roots  of  the  cor- 
responding variances. 


There  are  several  ways  to  interpret  these  tables.  One  is  to  note 
that,  since  the  variances  have  been  independently  estimated,  there  is 
an  even  chance  that  the  sums  of  the  two  error  variances  will  be  either 
larger  or  smaller  than  the  total  variance,  if  the  choice  of  R was 
correct  in  Chapter  4. 

With  this  criterion,  the  unexplained  variances  exceed  the  sums  of 
the  meteorological  and  radar  error  variances,  for  Types  A,  B,  G,  D 
and  SYN+,  4 out  of  12  times  for  W,  5 out  of  12  times  for  HH  and  3 out 
of  13  times  for  HV/VH  for  SL  2/3,  and  5 out  of  17  times  for  W,  8 out 
of  17  times  for  HH,  and  7 out  of  15  times  of  HV/VH  for  SL  4. 

These  values  are  shown  in  the  row  labled  counts  along  the  bottom 
of  the  table  in  greater  detail.  For  example  4/1/7  means  that  4 of 
the  values  in  the  column  above  (excluding  BCD)  are  positive,  one 
required  the  radar  error  variance  plus  the  meteorological  error  variance 
to  mqV<^  it  negative,  and  7 were  such  that  the  meteorological  error  vari- 
ance exceeded  the  total  variance. 

For  types  A,  (BCD) , and  SYN  + the  corresponding  values  are  4 out 
of  8 times  for  W,  3 out  of  7 for  HH,  and  2 out  of  8 times  for  HV/VH 
for  SL  2/3,  and  4 out  of  10  times  for  W,  5 out  of  10  times  for  HH  and 
5 out  of  9 times  for  HV/VH  in  SL  4,  The  corresponding  counts  for 
A,  (BCD),  and  SYN+  are  under  the  unexplained  standard  deviations. 

If  the  results  for  A,  (BCD),  and  SYN+  are  pooled  for  SL  2/3  and 
SL  4,  the  values  are  8 out  of  18  for  W,  8 out  of  17  for  HH  and  7 out 
of  17  for  HV/VH.  The  values  of  8,  8,  and  7 are  within  one  standard 
deviation  of  the  expected  values  of  9,  8.5  and  8.5  from  binomial  dis- 
tributions with  parameters  n = 18  and  17  and  p = q = 0.5.  The  balance 
is  therefore  as  close  as  would  be  reasonable  under  the  laws  of  chance. 
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Anothetc  way  to  interpret  the  table  is  to  note  how  closely  equa~ 

tion(8.98)nearly  balances  out  category  by  category.  That  is,  the  terms 

that  make  up  the  balance  are  large  compared  to  the  amount  of  the  imbalance. 

As  examples,  for  SL  2/3  and  SL  4 combined,  and  for  A,  B,  C,  D and  SYN+, 

2 

37%  of  the  sums  balance  to  within  ± 9 (knots  ) and  62%  to  within 

± 16  (knots^) . For  A,  (BCD),  and  SYN+,  the  corresponding  percentages 

are  40%  and  67%.  Since  many  of  the  terms  from  which  the  balances  are 

2 

computed  range  from  50  to  100  (knots  ) , the  inbalances  are  small  per- 
centages of  the  totals  involved. 

2 

An  imbalance  greater  than  26  (knots  ) in  general  is  associated  with 
a small  sample  size  where  8 or  fewer  values  were  obtained.  The  notable 
exceptions  are  all  for  HH  and  HV/VH  in  Table  8.24. 

For  those  wind  speed  ranges  where  all  three  polarizations  yield 
a total  variance,  the  lowest  of  the  three  can  be  given  a score  of  one, 
the  next  lowest  a score  of  two.  and  the  highest*  a score  of  three.  For 
SL  2/3,  and  A,  B,  G,  D,  +,  the  scores  for  W,  HH  and  HV/VH  are  in  order 
24,  25,  and  17  where  the  minimum  possible  (the  best)  would  be  11  and  the 
highest  would  be  33.  For  A (BCD)  +,  the  scores  for  SL  2/3  are  17,  13, 
and  12  with  the  best  equal  to  7 and  the  poorest  21.  Corresponding 
values  for  SL  4 are  23,  31  and  36  (best  15,  worst  45)  and  16,  18  and 
20  (best  9,  worst  27).  Cross  polarized  total  variances  score  some- 
what better  for  SL  2/3  than  either  W or  HH  and  VV  polarization  has 
the  best  score  for  SL  4.  The  scores  are  not  that  much  different  to 
make  any  one  polarization  clearly  and  undeniably  superior. 

Although  the  above  analysis  does  not  indicate  a clear  superiority 
for  a particular  polarization  combination,  W,all  in  all,  seems  somewhat 
better  followed  by  HV/VH.  As  the  strongest  of  the  backscatter  values, 

VV  was  able  to  yield  radar  predictions  for  winds  in  the  0 to  9,99  knot 


326 


range  that  had  smaller  errors.  The  weaker  signal  for  SL  4 also  appears 
to  have  affected  the  ability  of  HH  and  HV/VH  to  measure  low  winds. 

There  is  little  point  in  revising  the  value  of  R used  to  calculate 
the  values  of  the  weather  ship  and  transient  ship  meteorological  error 
jmces , An  increase  of  R to  0.6  would  increase  the  estimates  of  the" 
meteorological  error  variances  for  the  weather  ships  and  decrease  the 
values  for  the  transient  ships  and  synoptic  analyses.  The  number  of  un- 
derlined terms  for  the  unexplained  variance  entries  would  then  decrease 
for  the  transient  ships  and  synoptic  analyses.  For  the  pooled  SL  2/3 
and  SL  4 totals,  the  number  of  times  the  total  variance  would  exceed 
the  sum  of  the  meteorological  and  radar  error  variances  would  become 
10  out  18,  10  out  of  18  and  11  out  of  18,  thus  tipping  the  balance 
to  the  other  side.  A value  for  R of  0.5  to  0.6  is  therefore  suffi- 
ciently close. 

The  conclusion  is  obvious.  The  radar  backscatter  measurements 
predict  the  winds  to  such  an  accuracy  that  the  descrepancies  between 
the  radar  prediction  and  the  meteorological  surface  truth  are  almost 
entirely  explainable  by  the  inherent  errors  in  both  the  way  winds  are 
either  measured  or  determined  from  the  pressure  gradients  and  the  way 
these  values  are  smoothed  and  interpolated  to  a grid  of  points  in  a 
vector  wind  field.  This  conclusion  is  stated  with  proper  reserva- 
tions more  formally  in  Chapter  1. 

It  is  not  possible  to  draw  conclusions  about  how  well  radar  back- 
scatter can  determine  the  vector  wind  on  the  basis  of  SKYLAB  data. 
These  results  combined  with  circle  flight  data  and  the  design  features 
of  the  SEASAT-A  system  may  make  it  possible  to  improve  somewhat  on 
the  error  analysis  of  Pierson,  Cardone  and  Greenwood  (1974  ) for 
SEASAT-A. 
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To  be  completely  consistent  with  the  theory  used  in  this  analysis, 
it  would  be  necessary  to  conclude  that  the  radar  error  variances  com- 
pletely account  for  the  radar  errors  in  measuring  the  magnitude  of  the 
vector  wind.  These  were  1.9,  0.9  and  1.2  for  SL  2/3  and  6.1,  10.5, 
and  1.2  for  SL  4 with  corresponding  standard  deviations  all  under 
4 knots  of  1.4,  0.95,  1.1,  2.5,  3.2  and  1.1.  Except  for  W and  HH  on 
SL  4,  these  are  all  under  half  of  the  standard  deviations  shown  in 
Table  8.21  for  Weather  Ships  for  all  wind  speed  ranges.  A somewhat  more 
conservative  conclusion  is  that  the  radar  measurements  are  at  least  as 
accurate  as  having  had  a Weather  Ship  near  each  of  the  cells  scanned 
by  S193  and  that  the  standard  deviations  of  the  errors  in  the  radar 
winds  for  all  wind  greater  than  7 knots  may  well  be  half  that  of  the 
errors  in  analyses  based  on  weather  ship  reports. 

AVA  and  Christine.  The  meteorologically  determined  winds  for 
hurricane  AVA  and  tropical  storm  Christine  were  not  assigned  a quantita- 
tive estimate  of  the  errors  in  the  winds  determined  by  these  theories. 
From  the  tabulated  total  error  variances  and  standard  deviations  as 
given  in  Table  8.25,  it  can  be  noted  that  the  values  for  tropical 
cyclones  compare  favorably  with  the  total  error  variances  from  the  com- 
bined PBL  and  manuscript  analysis  data.  The  wind  model  for  the  hurri- 
cane may  well  be  almost  as  good  as  having  had  a transient  ship  at  each 
of  the  cells  scanned  in  these  two  cyclones.  The  few  high  winds  in 
these  cyclones  are,  of  course,  fitted  in  such  a way  as  to  minimize 
the  error  so  that  this  conclusion  requires  some  reservations. 

The  results  for  HV/VH  are  noticably  better  than  those  for  VV  and 
HH  for  the  20  to  30  and  greater  than  30  knot  ranges.  The  scatter  photos 
in  Figures  8.22  and  8.23  illustrate  this  improvement. 
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'•l 

Table  8,25  Sky lab  2/3  Total  Variance  and  Standard  Deviations  for 

Tropical  Cyclones  and  Manuscript  Analyses  (Method  6)  . ..  I 

2 

Units  are  knots  and  (knots) 


RANGE 

KNOTS 

TYPE 

1 

vv 

JCRT” 

HV/VH 

: mNu.  OEV. 

......  w HH  HV/VH 

_J 

W 

HV/VH 

0-10 

TC 

H 

7.08 

5.34 

2.51 

2.66 

2.31 

■ 

10 

10 

10-20  1 

i TC 

5.53 

5.79 

5.48 

39 

37 

36 

20-30 

1 

1 TC 

76.0 

52.6 

32.8 

8.72 

7.25 

5.73 

14 

10 

11 

GT  30 

' TC 

69.1 

59.8 

35.3 

8.31 

7.73 

5.94 

9 

10 

10 

o 

• 

O 

MS 

6.3 

5.4 

4.1 

2.50 

2.33 

2.03 

15 

15 

18 

10-20  1 

MS 

13.6 

12.5 

12.3 

3.69 

3.53 

3.50 

86 

86 

83 

20-30  i 

MS 

9.2 

14.4 

7.0 

3.04 

3.80 

2.64 

4 

3 

2 

I 
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Ten  or  twenty  hurricanes  from  SEASAT-A.  should  settle  the  question. 

The  model  can  clearly  be  improved  by  iterating  it  with  spacecraft  data. 

TV,.  M^rmscriot  Rvnontic  Analyse_s.  There  were  103  cells  involved 
in  the  manuscript  synoptic  analyses  described  in  Chapter  4.  The  total 
error  standard  deviations  are  under  four  knots. and  it  almost  pays  to 
subtract  the  1.9  to  make  them  even  smaller.*  A skilled  synoptic  analyst 
can  do  as  well,  if  not  better  than,  sophisticated  computer  based  pro- 
cedures . 

For  these  analyses,  it  was  possible  to  code  each  cell  as  in  the 
computer  based  analyses.  Each  cell  was  coded  as  to  A,  B,  C,  D or  + 
on  the  basis  of  the  nearby  ship  reports  that  were  available  for  the 

analysis.  Aircraft  underflights  were  coded  as  type  A.  The  details 

are  given  in  Table  8.18.  These  data  are  a subset  of  the  data  in 

Table  8.23  and  amount  to  about  32%  of  that  data. 

The  Scatter  Plots.  The  scatter  plots  of  versus  in  Fxgures  8.9 
to  8.16  and  8.17  to  8.28  can  now  be  studied  on  a more  rational  basxs.  The 
rule  is  to  interpret  the  scatter  in  the  data  by  picking  a zone  of  the 
axis,  perhaps  5 knots  wide,  and  studying  the  scatter  on  the  axis  by 
looking  up  and  down  onl^  within  this  zone.  The  errors  are  dominantly  in 
U and  the  scatter  in  these  errors  is  shown  by  the  data.  Some  care  xn 
interpretation  is  needed  because  the  vertical  and  horizontal  scales  are 
not  exactly  equal.  Also  the  seven,  for  example,  in  Figure  8.21  means 
that  seven  values  all  fall  together  at  this  point  and  are  within  a knot 

or  two  of  being  an  exact  prediction. 

It  is  also  necessary  to  retract  the  comment  about  the  fxrst  set  of 
scatter  plots  from  Young  (1975).  The  apparent  bias  is  nonexistent  when 
interpreted  in  this  way.  if  due  consideration  is  given  of  the  fact  that 
negative  numbers  cannot  occur.  Something  must  happen  to  the  error  structure 
for  low  winds  that  is  not  properly  considered  in  this  analysis  since  the 

eiTTors  can  be  so  large# 

*For  W and  the  corresponding  value  for  other  polarizations 
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SURVIVORS 


For  one  reason,  or  another,  although  the  cells  that  were  listed  in 
Table  4.1  seemed  to  be  members  of  the  useable  data  set,  the  various 
screening  procedures  used  by  Young  (1975),  and  other  problems,  caused 
most  of  them  to  be  eliminated.  Data  from  DOY'9  156,  252  and  4 survived. 
The  results  of  the  predictions  for  these  cells  are  given  in  Table  8,25, 

The  Gulf  C130  underflight  on  DCY  156  yielded  the  13  knot  wind  speed 
tabulated,  and  method  6 missed  it  by  2.03  knots  for  cell  4 command^  _ 
angle  1,  The  others  are  all  closer. 

DOY  4 command  angle  2 was  missed  by  5 knots.  DOY  252  command  angle 
3 missed  by  15  knots,  DOT  4 command  angle  3,  cells  16  and  18  missed  by 
7 knots  each. 

This  is  hardly  a large  enough  sample  from  which  to  draw  any  firm 
conclusions. 

It  is  fortunate  that  contingency  plans  were  made  to  obtain  the 
routinely  available  meteorological  data  since  the  aircraft  underflight 
program  failed  to  provide  an  adequate  data  base  for  the  verification 
of  the  potential  of  S193  and  since  the  first  level  of  back  up  based 
on  special  weather  ship  observations  also  led  to  little. 

CLOSING  THE  CIRCLE 

Recapitulation.  In  Chapter  6,  the  present  status  of  the  theory 
of  radar  backscatter  and  of  other  measurement  programs  was  reviewed. 

The  belief  was  stated  that  the  theory  was  not  quite  good  enough  to  permit 
the  prediction  of  wind  speed  from  backscatter  measurements.  However, 
these  results  provided  a 'Tbrmulatidh  for  “the  first  step  of  regression 
method  6. 

SiTrmlated  circle  flights.  Simulated  circle  flights  were  carried 
out;  based  on  regression  method  6 for  SL  2/3  and  SL  4,  and  the  results  are 
shown  in  Figure  8.30  and  Figure  8,31.  The  steps  that  follow  the  "first 
guess"  model  which  was  based  on  the  AAFE  Langley  data  can  destroy  the 
model.  For  SL  2/3,  this  happened.  The  maximum  was  not  at  upwind. 
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Table  8.26  The  survivors  from  Table  4.1  and  OOY  156 


Conmand  Angle  1 


DOY 

CELL 

ASPECT  ANGLE 

MET  WIND 

(SP  MET  WIND) 

W5 

VV6 

156 

1.7 

13 

13ac 

13.37 

13.69 

156 

'3 

1.4 

13 

13ac 

13.80 

14.13 

156 

.4 

- 4.0 

13 

13ac 

14.69 

15.03 

156 

5 

- 9.3 

13 

13ac 

12.24 

12.59 

Conmand  Angle  2 

156 

3 

1.4 

13 

13ac 

13.35 

13.67 

156 

4 

1.0 

13 

13ac 

13.72 

14.07 

156 

5 

- 4.3 

13 

13ac 

13.06 

13.36 

4 

35 

154.8 

28.2 

* 

27 

21.93 

22.66 

Command  Angle  3 

156 

4 

1.0 

13 

I3ac 

14.3 

14.05 

156 

5 

.7 

13 

13ac 

14.72 

14.48 

252 

29 

- 5.2 

12.5 

** 

6 

20.42 

20.78 

4 

16 

113.7 

38.9 

39ac 

32.96 

32.26 

4 

18 

08.5 

41.4 

39ac 

33.20 

32.38 

* 

60 

nautical  miles  aw^  at  J 

** 

90 

nautical  miles  away  at  K 
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REPRODUCBILITY  OF  THE 
ORIGINAL  PAGE  IS  POOR 


Downwind  exceeded  upwind.  The  output  of  the  model  can  involve 
trigonometric  terms  up  to  cos  16  X . Effectively  the  lack  of  an  even 
distribution  of  the  SL  2/3  data  over  angle  forced  the  minimum  to  move 
from  90°  to  120°. 

For  SL  4,  method  6 saw  no  need  in  the  data  to  destroy  the  first 
guess  and  the  simulated  circle  flights  for  3,  6,5  and  IS  m/s  compare 
favorably  with  corresponding  figures  in  Chapter  6 except  for  absolute 
level,  and  this  is  explainable  by  what  happened  to  the  instrument,  and 
the  attempts  to  recalibrate  it.  Moreover,  since  the  theory  of  Fung  and 
Chan  agrees  with  the  AAFE  circle  flights,  the  time  is  drawing  close 
whenbackscatter  can  be  used  to  predict  wind  speed  from  first  principles. 

Tables  8,26  and  8.27  show  the  variation  of  backscatter  for  upwind, 
downwind  and  crosswind  for  SL  2/3  and  SL  4 as  predicted  by  regression 
method  6.  For  SL  2/3,  the  results  do  not  agree  to  well  with  theory  but 
for  SL  4 they  are  quite  good. 

The  values  in  Tables  8.27  and  8.28  are  graphed  in  Figure  8.32.  The 
re-calibration  problem  for  SL  4 is  illustrated  by  the  rise  of  the  back- 
scatter curves  by  about  5 db.  The  sharp  drop  from  4 m/s  to  3 m/s  is 
considered  to  be,  for  SL  2/3,  an  effort  of  the  regression  analysis  to 
fit  the  kind  of  shairp  decrease  in  capillary  wave  heights  and  the  sud- 
den disappearance  of  backscatter  predicted,  for  example,  by  Figure  6.3. 
The  opposite  curvature  for  SL  2/3  compared  to  SL  4 may  also  be  the 
result  of  the  regression  methods  trying  to  fit  this  sharp  drop  off. 

The  curves  for  downwind  upwind  and  crosswind  are  all  quite  close 
together  for  SL  2/3.  This  is  misleading  since  at  120°  the  points  from 
Figure  8.30  would  produce  the  curve  so  labeled.  These  features  of  the 
SL  2/3  curve  on  this  figure  and  the  corresponding  features  of  Figure  8.30 
are  considered  to  be  partially  at  least,  an  effect  of  the  uneven  distri- 


333 


button  of  the,  wind  directions  and  of  the  interaction  of  wind  direction 
errors  with  the  regression  model. 

For  SL  4,  downwind  and  upwind  have  essentially  the  same  backscatter 
values,  and  the  model  has  denied  the  existence  of  the  1 db  difference 
built  in  at  the  start.  Crosswind  checks  well  with  the  results  of  Chapter  6. 
It  is  2.3  db  down  for  low  winds  and  4.93  db  down  for  high  winds.  The 
shape  of  the  backscatter  curve  versus  wind  speed  agrees  well  with  the 
results  of  Fung  and  Chan  in  Appendix  C. 

On  the  basis  of  these  results,  it  may  be  possible  to  decrease  cr°  by 
about  5 db  for  SL  4 so  that  the  various  curves  agree  over  the  middle 
range  of  wind  speeds  and  repeat  the  regression  analyses  using  the  entire 
sample.  Some  way  to  handle  the  sharp  drop  suggested  by  both  theory  and 
SL  2/3  might  also  be  devised. 

The  two  curves  in  Figure  8.32  yield  quite  different  power  laws 
depending  on  how  the  power  law  is  computed.  For  the  middle  range  of 
wind  speeds  since  the  slopes  are  the  same,  the  power  law  locally  is 
the  same.  For  SL  2/3  from  3 to  30  m/s  the  power  law  would  be  4.5. 

For  higher  speeds,  it  would  be  less.  For  lower  winds,  it  would  be 
higher.  Conversely,  for  SL4,  from  3 to  30  m/s  the  power  law  would  be 
1.9,  and  for  low  winds  it  would  be  less  and  for  high  winds  greater. 
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Figure  8.31  a°,  for  15,  6.5  an. 
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3 meters  per  second  from  Method  6 for  SL  4. 


Table  8,27  Backscatter  versus  wind  speed. 


SL  23  POLARIZATION  W CCWAND  ANGLE  3 

SEDUCTION  5 


M/SEC 

UPWIND 

DOWNWIND 

3. 

-135.59 

-132.52 

4. 

-22.22 

-21.92 

5. 

-17.48 

-17.30 

6. 

-14.58 

-14.47 

7. 

-12.47 

-12.41 

8. 

-10.81 

-10.79 

9. 

-9.43 

-9.45 

10. 

-8.26 

-8.30 

to 

11. 

-7.24 

-7.30 

12. 

-6.33 

-6.42 

13. 

-5.51 

-5.62 

14. 

-4.77 

-4.90 

15. 

-4.09 

-4.24 

16. 

-3.46 

-3.62 

17. 

-2.88 

-3.06 

18. 

-2.34 

-2.52 

't-j  t 

19. 

-1.83 

-2.03 

20. 

-1.35 

-1.56 

21. 

-.89 

-1.12 

r*  S 

22. 

-.46 

O 

• 

1 

trj 

23. 

-.05 

-.30 

^ n 

• 

CM 

.33 

.08 

1-1 

25. 

.70 

.44 

*x)  S 

26. 

1.06 

.79 

27. 

1.40 

1.12 

28. 

1.73 

1.44 
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1.75 
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REDUCTION  6 


CROSSWIND 

UPWIND 

DOWNWIND 

CROSSWIND 

-122.42 

-44.85 

-42.66 

-40.77 

-20.18 

-22.27 

-20.64 

-20.41 

-15.91 

-17.17 

-15.66 

-15.81 

-13.29 

-14.25 

-12.81 

-13.18 

-11.39 

-12.22 

-10.83 

-11.34 

-9.88 

-10.66 

-9.31 

-9.94 

-8.64 

-9.40 

-8.08 

-8.80 

-7.59 

-8.34 

-7.04 

-7.84 

-6.66 

-7.43 

-6.16 

-7.02 

-5.84 

-6.63 

-5.38 

-6.30 

-5.11 

-5.92 

-4.69 

-5.66 

-4.44 

-5.28 

-4.06 

-5.09 

-3.83 

-4.70 

-3.49 

-4.56 

-3.26 

-4.17 

-2.97 

-4.08 

-2.74 

-3.68 

-2.49 

-3.64 

-2.25 

-3.22 

-2.05 

-3.23 

-1.78 

-2.80 

-1.63 

-2.84 

-1.35 

-2.40 

-1.24 

-2.48 

-.94 

-2.02 

-.88 

-2.14 

-.56 

-1.67 

-.53 

-1.82 

-.19 

-1.33 

-.20 

-1.52 

.16 

-1.01 

.11 

-1.23 

.50 

-.71 

.40 

-.96 

.82 

-.42 

.68 

-.70 

1.12 

-.14 

.96 

-.45 

1.42 

.12 

1.21 

-.21 

1.70 

.38 

1.46 

.02 

1.98 

.62 

1.70 

.24 

Table  8.28  Backscatter  versus  wind  speed. 
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3. 
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-10.80 
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-7.90 
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6. 
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7. 
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8. 

-3.68 
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-8.57 

-4.38 
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-7.58 

9. 

-2.57 
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-3.48 

-3.39 

-6.80 

10. 

-1.57 

-1.71 

-6.75 

-2.65 

-2.58 

-6.08 

11. 

-.65 

-.83 

-5.97 

-1.88 

-1.84 

-5.41 

12. 

.19 

-.02 

-5.24 

-1.15 

-1.14 

-4.79 

13. 

.97 

.73 

-4.57 

-.47 

-.48 

-4.21 

14. 

1.69 

1.43 

-3.95 

.17 

.14 

-3.65 

15. 

2.37 

2.08 

-3.36 

.78 

.73 

-3.12 

16. 

3.00 

2.69 

-2.82 

1.37 

1.29 

-2.62 

17. 

3.59 

3.27 

-2.31 

1.93 

1.84 

-2.14 

18. 

4.16 

3.81 

-1.82 

2.47 

2.36 

-1.67 

19. 

4.69 
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-1.36 
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2.86 

-1.22 

20. 

5.19 

4.81 

-.93 

3.50 

3.35 

-.78 

21. 

5.67 
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-.52 

3.99 

3.83 

-.36 

22. 

6.13 

5.71 

-.12 

4.47 

4.29 

.05 

23. 

6.56 

6.13 

.25 

4.95 

4.75 

.47 

24. 

6.98 

6.53 

.61 

5.41 

5.20 

.87 

25. 

7.38 

6.92 

.95 

5.87 

5.64 

1.26 

26. 

7.76 

7.29 

1.28 

6.33 

6.09 

1.66 

27. 

8.13 

7.65 

1.60 

6.79 

6.53 

2.05 

28. 

8.48 

7.99 

1.91 

7.25 

6.97 

2.45 

29. 

8.82 

8.32 

2.20 

7.71 

7.42 

2.85 

30. 

9.15 

8.64 

2.48 

8.18 

7.87 

3.25 

CHAPTER  9.  APPLICATIONS  TO  SEASAT-A 


REVIEW 

Upon  the  completion  of  an  investigation,  it  is  advisable  to 
review  what  has  been  accomplished  before  describing  what  still  needs  to 
be  done.  The  suggestion  for  the  use  of  a radar  on  a spacecraft  to 
measure  sea  surface  roughness  appears  in  Ewing  (1965)  as  a part  of 
the  report  of  the  section  chaired  by  W.J.  Pierson  in  an  article  by 
R.K.  Moore.  The  concepts  were  further  refined  by  Moore  and  Pierson  (1966), 
who  described  a Doppler  radar  for  a spacecraft  to  measure  winds,  and 
later  Moore  and  Pierson  (1971)  described  the  applications  of  an  in- 
strument called  a radiometer-scatterometer  to  the  measurement  of  the 
winds  over  the  ocean.  The  design  features  of  a radiometer- scattero- 

meter  were  given  by  Moore  and  Ulaby  (1969) . 

The  use  of  aircraft  to  measure  backscatter  from  the  sea  surface 
as  a function  of  wind  speed  and  wave  conditions  lead  at  first  to  re- 
sults that  disagreed  with  each  other  as  described  in  Chapter  6,  The 
results  of  this  report  on  S193,  of  the  AAFE  Langley  Program  and  of 
the  fan  beam  Doppler  program  that  preceeded  the  AAPE  program  all 
agree  one  with  the  other,  and,  in  some  respects,  serve  to  cross  check 

each  other. 

In  1969,  the  Commission  on  Marine  Science,  Engineering  and  Re- 
sources ' pointed  out  the  need  for  more  and  better  measurements  of 
environmental  conditions  over  the  oceans  in  Chapter  5 of  their  re- 
port. A figure  on  page  189  shows  the  global  density  of  ship's  reports 
in  1964  and  cites  Hanzana  and  Tourier  (1968).  Conditions  have  not 
changed  very  much  since  then, 

*Our  Nation  and  the  Sea;  a plan  for  National  Action  (1969) . Report  of 
the  Commission  on  Marine  Science,  Engineering  and  Resources.  J.A.  Stratton, 
Chairman  U.S.  Government  Printing  Office,  Washington, D.C.  January  1969. 
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The  Coiamission  Report  discussed  both  the  satellite  techniques 
tested  on  SKYLAB  (page  193)  and  the  development  of  a National  Data 
Buoy  Network.  They  commented  that,  "It  is  not  yet  possible,  however, 
to  envision  the  complete  composition  of  a total  system.  The  proper 
mix  of  platforms  and  instruments  must  be  evaluated  on  the  basis  of  per- 
formance and  costs." 

The  papers  by  Moore  and  Pierson  (1966)  and  Moore  and  Pierson  (1971) 
discussed  the  problem  of  the  initial  value  specification  of  the  winds 
over  the  ocean  and  the  input  of  this  specification  into  numerical 
weather  prediction  methods.  The  study  by  Thomasell  and  Welsh  (1964), 
vdio  only  compared  weather  ships  with  the  calculation  of  winds  from 
the  pressure  field,  was  mentioned  in  the  1966  paper  and  the  possible 
sources  of  error  in  the  specification  of  the  wind  in  the  planetary 
boundary  layer  were  reviewed.  Mentioned  were  different  anemometer 
heights  on  the  ships,  incorrect  isobaric  analyses,  variations  of  wind 
speed  with  elevation  due  to  different  temperature  lapse  rates  and 
"the  poor  averaging  time  of  two  minutes  for  the  wind  that  introduces 

considerable  sampling  variability  in  the  estmate  of  a mean,  which  really 

* 

ought  to  have  been  estimated  for  a longer  time  interval," 

Over  the  five  year  inteirval  between  the  two  papers,  other  concepts 
changed  drastically.  Much  was  learned  in  the  interval,  and  much  more 
has  been  learned  since  the  1971  paper. 

This  final  report  brings  to  an  end  the  "proof  of  concept"  phase 
of  a program  that  will  eventually  lead  to  an  operational  system  for 
measuring  winds  over  the  ocean  from  a spacecraft.  It  is  part  of  the 
full  program  that  has  been  in  the  planning  stages  since  1965.  Pre- 
liminary reports  on  the  results  of  Sky lab  and  the  AAPE  Langley  Radscat 
Program  have  already  had  an  input  to  the  design  of  a spacecraft  called 

The  model  in  Chapter  4 accounted  for  all  but  this  last  source  of  error. 

It  proves  to  be  still  quite  large. 
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SEASAT-A,  In  this  last  chapter,  Some  of  the  ways  the  results  of  this 
study  can  be  applied  to  SEASAT-A  will  be  given. 

APPLICATIONS  OF  THE  ERROR  ANALYSIS 

The  scatter  in  the  plots  of  radar  wind  versus  meteorological  wind 
has  been  shown  to  be  almost  entirely  due  to  the  errors  in  the  specifica- 
tion of  the  wind  from  meteorological  sources.  Except  for  low  winds 
^ere  special  problems  have  been  highlighted,  the  error  increases 
with  wind  speed.  There  is  a difference  between  winds  from  weather 
ships,  transient  ships  and  as  calculated  from  synoptic  isobar ic  patterns. 

To  be  able  to  produce  plots  of  radar  wind  versus  meteorological 
wind  with  greatly  reduced  scatter  based  on  forthcoming  SEASAT-A 
data,  the  errors  in  the  meteorologically  determined  winds  must  be 
greatly  reduced  compared  to  what  they  were  during  the  SKYLAB  period. 
There  are  three  possible  ways  to  do  this  and  all  should  be  developed 
in  parallel.  One  would  be  to  improve  aircraft  underflight  techniques. 
This  is  well  along.  A second  would  be  to  improve  the  accuracy  of  the 
weather  ship  reports  of  the  winds  and  to  carry  out  successfully  and 
routinely  what  was  attempted,  with  little  success,  for  SKYLAB.  A 
third  would  be  to  use  the  National  Data  Buoy  network  as  a prime  source 
for  surface  truth. 

The  data  density  from  SEASAT-A,  which  will  be  a quasi-operational 
spacecraft,  will  be  very  high  and  the  cells  scanned  by  the  spacecraft 
will  be  very  close  together.  If  the  weather  ship  (or  the  data  buoy) 
is  within  the  swath,  some  cell  will  come  within  25  km  of  the  weather 
ship.  If  the  weather  ship  data  are  based  on  a wind  averaged  for  10  or 
20  minutes  beginning  prior  to  and  ending  after  the  spacecraft  pass. 


W.L.  Jones  personal  communication. 
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such  measurements  will  eliminate  error  contributions  from  both  spatxal 
and  temporal  interpolation.  The  averaging  time  should  be  cho»> n so  as  to 
reduce  the  standard  deviations  by  a factor  of  five  compared  to  those 
d8t0innxTi6<i  iii  4«r 

Shortly  before  SKYIJffi,  the  United  States  withdrew  its  Weather  Shxps 
and  the  ones  that  remained  were  operated  by  the  European  natxons  and 
by  CJanada.  Present  plans  are  that  the  European  nations  will  re-occupy 
most  of  the  stations  formerly  occupied  by  the  U.S.  Coastt  Guard  and  that 
by  the  time  SEASAT-A  is  launched,  the  number  of  weather  ships  will  be 
substantially  increased.  If  automatic  weather  stations''  are  used  on  the 
weather  ships  to  record  the  meteorological  parameters,  and  if  the  measute- 
ment  of  wind  direction  can  be  improved,  the  weather  ships  can  play  an 
important  role  in  calibrating  SEASAE-A.  With  about  ten  weather  ships 
on  station,  and  with  about  70%  probability  that  one  will  be  in  the 
SEASAI-A  fan  beam  Doppler  swath  twice  each  day,  about  1200  cells  would 
become  available  during  a three  month  period.  In  six  months  (October 
to  March)  a sufficient  number  of  both  low  and  high  winds  could  be  ob- 
served to  demonstrate  the  instrument  capabilities  and  to  begin  to  under- 
stand the  effects  of  wave  slope  as  described  in  Chapter  6, 

The  National  Data  Buoy  Network,  plus  data  buoys  from  other  nations, 
will  be  greatly  increased  in  number  by  the  time  SEASAT-A  is  launched, 
providing  potentially  another  2000  observations  during  a three  month  period. 
Tan  to  fifteen  minute  averages  of  the  wind  speed  and  direction  are  presently 
obtained  each  hour.  Perhaps  it  might  be  worthwhile  to  schedule  the  ob- 
servations during  the  times  of  the  SEASAT-A  passes.  The  variability  of 
these  measurements  has  been  studied  by  Adamo,  Withee  et  al.  (1971). 

^ ■ 

Personal  communication  from  L.  Baer 
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SEASAT-A  will  make  measurements  that  in  principal  can  determine 
the  vector  wind,  and,  at  most,  three  aliases.  The  regression  equations 
in  Chapter  8,  are  an  improvement  over  three  equations  given  by  Pierson, 
Cardone  and  Greenwood  (1974),  and  a search  over  X and  X + 90°  with  the 
two  different  backscatter  values  that  are  measured  will  locate  the  possible 
wind  speeds  and  directions.  All  three  eqtiations,  and  perhaps  variants 
o£  them,  should  be  tried.  With  more  accurate  wind  speeds  and  directions, 
this  prime  data  set  should  converge  quickly  to  very  accurate  regression 
equations  for  the  determination  of  the  vector  wind  at  each  cell  scanned 
by  SEASAI-A.  * 

APPLICATIONS  OF  THE  PLANETARY  BOUNDARY  LAYER  MODEL  . 

By  means  of  a model  that  yielded  <j°  = (y°(u,X),  and  from  informa- 
tion on  the  design  error  structure  of  the  SEASAT-A  measurements , Pierson, 
Cardone  and  Greenwood  (1974)  have  demonstrated  in  a completely  independent 
analysis  that  SEASAT-A  has  very  small  wind  speed  and  direction  errors 
fpr  moderate  and  high  winds.  The  above  error  analysis  would  simply  be 
used  to  obtain  the  best  possible  algorithm  for  the  implementation  of  the 
techniques  described  in  that  reference.  The  algorithm  can  already  be 
simulated  quite  well  on  the  basis  of  present  knowledge. 

The  PBL  model  described  in  Chapter  4 has  a sound  physical  basis, 
but  it  can  be  isq>roved  by  taking  into  account  the  errors  in  the  different 
categories  of  ship  reports.  The  method  of  Cressman  (1959),  and  its 
current  extensions,  could  perhaps  be  merged  with  this  model  to  obtain  a 
mbdel  with  the  best  features  of  both.  The  domain  of  influence  of  a 
ship  report  needs  to  be  expanded  so  that  many  ships  will  influence  an 
entire  area  and  the  errors  in  the  individual  reports  will  average  out. 

*Altematively,  the  errors  in  the  meteorological  winds  can  be  accepted  as 
they  are.  Based  on  a regression  analysis,  the  radar  winds  would  replace 
them  at  each  cell  and  the  improved  meteorological  measurements  would 
never  actually  be  required. 
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It  would  be  useful  even  now  to  compare  the  results  of  other  boundary 

layer  models,  and  of  any  that  may  be  derived  in  the  future,  with  the 
SL  4 data  and  with  each  other. 

There  will  always  be,  however,  large  areas  of  the  oceans  with 
poor  ship  coverage.  It  is  also,  we  believe,  evident  that  the  number  | 

of  buoys  required  would  be  far  too  large  to  cover  these  areas 

adequately.  The  errors  in  the  initial  value  specification  of  the  PBL 
in  such  areas  are  much  larger  than  those  in  the  shipping  lanes  as 
demonstrated  in  Chapter  8.  Moreover,  they  can  easily  be  systematic 
instead  of  random  over  large  areas.  These  errors  must  propagate  into 
numerical  weather  prediction  errors  in  the  two,  three  and  four  day 
forecast  range. 

Efforts  are  underway  to  simulate  the  expected  improvements  in 
numerical  weather  prediction  to  be  expected  when  SEASAT-A  becomes 
operational.  The  error  structure  that  has  been  modeled  probably  under- 
estimates the  present  errors  in  the  specification  of  the  PBL  and  does 
not  take  into  account  their  spatial  variability  and  systematic  features 
as  caused  by  the  variable  density  of  ship  reports  from  different  araas 
of  the  ocean.  SEASAT-A  for  example  should  make  it  possible  for  the 
first  time  to  do  numerical  predictions  for  the  southern  hemisphere. 

The  data  from  SEASAT-A  will  have  a known  error  structure.  The 
data  density  will  be  somewhere  between  80,000  and  320,000  points  per 
day  on  a uniform  grid  depending  on  the  final  design.  These  measurements 
must  clearly  greatly  improve  the  accuracy  of  the  initial  value  specif ica^ 
tion  of  the  planetary  boundary  layer. 

The  further  reduction  of  any  residual  errors  in  the  SEASAT-A 
data  by  means  of  spatial  averaging  techniques  has  not  yet  been  estimated. 
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The  smoothing  technique  would  probably  involve  an  area  covered  by  N 
cells  within  some  radius  of  definition,  depending  on  the  gradients  in 
the  field.  A fit  to  these  winds  would  then  be  required  such  that  the 
differences  between  the  fitted  wind  field  and  the  SEASAT-A  winds 
would  exhibit  the  known  error  properties  of  the  SEASAT-A  measure- 
ments. The  error  variances  would  be  reduced  by  1/N  and  the  standard 
deviations  by  l/^N  . Over  many  ocean  areas,  the  number  of  cells  in- 
volved could  easily  be  as  many  as  25  so  that  another  factor  of  five 
would  become  available. 

APPLICATIONS  TO  TROPICAL  CYCLONES 

One  of  the  more  inq>ressive  figures  of  this  final  report  is  the  one 
for  the  Tropical  Storm  Christine  pass.  Had  the  pass  been  made  by  SEASAT-A 
the  points  would  have  been  about  half  as  far  apart  and  part  of  the  swath 
would  have  had  SMMR  data.  Infrared  and  cloud  imagery  would  also  have 
been,  obtained.  With  so  many  more  cells,  more  of  them  would  be  free  from 
rain,  the  SMMR  and  other  imagery  would  define  the  rain  and  wet  cloud 
areas  uniquely  and  the  winds  at  the  surface  would  be  known  for  the  full 
field.  With  such  a data  density,  the  tropical  cyclone  model  can  be 
integrated  over  a trial  range  of  pressure  fields  and  speeds  of  movement 
so  as  to  find  the  values  that  give  the  best  fit  to  the  winds. 

After  a sufficient  ntanber  of  tests  of  this  nature  with  simultaneous, 
but  withheld,  aircraft  reconnaisance  verification,  this  model  and  its 
inevitable  successors,  as  more  is  learned,  can  be  used  to  define  these 
dangerous  storms  anywhere  in  the  world  on  a routine  basis.  The  im- 
proved measurements  of  the  winds  and  atmospheric  conditions  around 
these  storms  may  even  make  it  possible  to  predict  their  movement  in  time 
to  provide  adequate  warning  to  threatened  landfall  areas.  These  con- 
siderations are  treated  in  additional  detail  by  Pierson,  Cardone,  and 
Greenwood  (1974) . 
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APPENDIX  A 
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8 #8 

29.0 

18 

6 2 . 4 

17.12 

-34.95 

1 37.6 

-47.5 

7,7 

3£t.n 

18 

6 5.7 

17.33 

-35.64 

137.5 

—5  7.  6 

7.2 

29.0 

18 

6 3 . H 

16,56 

-36.35 

137,6 

-71.6 

6.7 

29.0 

13 

6 10.6 

19.25 

-37.04 

1 46 . 6 

09/05/75 


OOV  156-1, 


6/  5/73 


ITNC,  GUCF  OF  Mf.XlCO/C-Aia5B£A'J 


SGAK 

INC  10 

SCaTTEP.IhG 

COEFFICIENTS 

antenna 

TEMPS 

NUMB 

A»iGCc 

vv 

HH 

VH 

HV 

V 

H 

iOEGI 

(D3> 

CCD) 

cb3) 

(D5) 

CDEG) 

CCEG) 

17^1 

50.5 

-15.23 

-16.63 

-28.48 

-27.68 

181 

.65 

143.31 

17.2 

4 3 ,8 

•13.99 

-17.67 

-27.23 

-27.26 

165 

.10 

116.49 

If  !»  Of 

32,1 

-^11.25 

-12.10 

-25.08 

-24.40 

150 

.53 

12C.X5 

17,4 

17*1 

0.63 

1.16 

-15.01 

-14.53 

134 

,55 

131.99 

17«5 

0.9 

13.39 

13.28 

-4.  30 

-3.94 

129 

. 13 

131.23 

ia,i 

5G  .5 

-14.96 

-19.57 

-25. 92 

-26.77 

165 

.45 

118,64 

i6,*2 

4 3 * a 

-13.39 

-16.91 

-27.41 

-27.12 

166 

. 68 

117.27 

i6«3 

32.1 

-10.63 

-12.16 

-25.01 

-24.57 

150 

. 3 1 

123..  31 

18»4 

i^w5 

17  .0 

1.21 

1,54 

-14.55 

-14.14 

137 

.26 

127.  *.1 

19  ri 

50.6 

-15.52 

-2C.69 

-29. 1C 

-28.52 

175 

.76 

103.90 

19»  2 

43.8 

-12.14 

-14,46 

-24,85 

-2C .51 

167 

, 87 

133.53 

19,  3 

32.1 

-9.69 

-1C. 66 

-23.66 

-23,61 

151 

.13 

124.69 

19:«4 

17.  C 

0.73 

1.51 

-t*..  4 3 

-15  .00 

137 

.53 

13J.35 

19/.5 

C .9 

12.83 

12.67 

-4.61 

-4,28 

134 

♦ 55 

133.03 

HO.t 

50.6 

-16.25 

-21.55 

-29.76 

-29.62 

174 

.74 

110.43 

2C 2 

43.8 

-14.43 

-17. 87 

-27. 32 

-27.03 

164 

. 87 

114.24 

2C.,3 

32.1 

-3.4  6 

-9*34 

-21.95 

-ifc.47 

153 

.60 

158,46 

2 'j  ;►  V 

17.S 

1.53 

1.66 

-15.12 

-14,66 

139 

.41 

130,60 

3.9 

12.96- 

12.93 

-4.70 

-3.93 

134 

.45 

134.52 

21^1 

50.5 

-16.92 

-21.80 

-29.44 

-29.05 

175 

.16 

110.88 

21 

43.6 

-15.46 

-18.27 

-27.67 

-27.70 

164 

.32 

115.72 

21*3 

32.1 

-10.54 

-11.35 

-24.40 

-24.11 

149 

.57 

121.57 

21>4 

17.1 

-3.73 

-l.OR 

-14. 4f 

-12.09 

17  0 

.47 

2C4,73 

21.  B 

C.9 

12.61 

1 3.  C G 

-4.  bc 

-4.  IQ 

145 

.61 

138.57 

22^1 

50.5 

-17.71 

-22.24 

-31.29 

-3C.1C 

175 

.07 

112.32 

22 « 2 

43.9 

-15. 60 

-18.26 

-20 .Ct 

-27.86 

164 

.78 

115.69 

42*3 

32.2 

-10.95 

-11.71 

-24. 6P 

-24.11  . 

146 

.06 

122.66 

22*  4 

17.  C 

1.39 

i.ei 

-15,77 

-13.93 

136 

.83 

127.55 

22,  B 

0.8 

15.2  6 

16.81 

-4.2  3 

-U.4G 

184 

.33 

201.08 

23<  i 

50.5 

-13.19 

-22.78 

-30.27 

-30  . 27 

177 

.57 

114.87 

2 3.2 

43.8 

-15. 47 

-lc.47 

-28.05 

-27.69 

165 

. 8 8 

118.84 

23,3 

32.1 

-10.96 

-11.77 

-24.58 

-24  ,42 

149 

.44 

122.98 

23.4 

17.0 

1.38 

1.4  8 

-14,  11 

-14.90 

135 

.33 

•129.11 

23.5 

C.9 

12.95 

12.61 

-4.53 

-4.13 

135 

.48 

133.49 

<4 .1 

0 0 .6 

-20.83 

-24.80 

-34.45 

-32.92 

176 

.85 

112.60 

2*.  ,2 

43.8 

-16.42 

-19.54 

-23.62 

-28.90 

166 

.82 

118,^6 

2^,3 

32.1 

-11.19 

-12.27 

-24.67 

-24.67 

15G 

.14 

126^28 

?4 , 4 

17.1 

1.52 

1.70 

-1h.29 

-14.38 

133 

.60 

129.27 

24,5 

1.5 

12.41 

12.42 

-5.C3 

-4.52 

133 

.69 

133. 2C 

aspect 

WIND 

SEA 

GMT 

CEU  COOROINATES 

S193 

DATA 

AnSLE 

SP£HO 

TEMP 

UAT 

long 

A7IMTM 

fLAG 

(OEG) 

C M/S ) 

(DEG) 

(HR 

MIN 

1 SEC) 

(DEG) 

(OEG) 

(DEC) 

-S7.8 

9.8 

23.G, 

la 

6 

14.2 

15.92 

•83.89 

137.8 

1 

-4  7.8 

9.3 

28.0 

18 

6 

17.7 

ie.39 

-8 4 .34 

137.8 

-47.9 

8.8 

29.0 

18 

6 

20.9 

17.10 

-35.02 

137.9 

-47.8 

7.7 

30.0 

15 

6 

23.7 

17.83 

-35.72 

137.8 

-59,9 

7.2 

29.  n 

V6 

6 

25.9 

18.53 

-36.43 

139.9 

18 

6 

29.4 

15 . 19 

-33.29 

135.3 

-67.9 

10  .3 

28.0 

13 

5 

32.9 

15.66 

-83.73 

137.9 

-4  3.0 

9.3 

28.0 

18 

6 

36.2 

16.37 

-34.39 

139.0 

-48.3 

8.8 

29.  C 

Id 

6 

36.9 

17.11 

-85.13 

130.3 

7.2 

30.  C 

-68.1 

11.3 

28.  C 

18 

6 

44.7 

14.45 

-32.67 

1-35.1 

18 

6 

48.2 

14.92 

-93,12 

133.1 

1 

-68.3 

1C. 3 

28.0 

18 

6 

51.4 

15*64 

-53.78 

135.3 

•48.5 

9.3 

2d.O 

18 

6 

54,2 

16.38 

-64.48 

135.5 

-55.6 

8.8 

29. C 

13 

6 

se.4 

17.07 

-85,14 

145.6 

-68.4 

11.  a 

28.0 

18 

6 

59.9 

13.71 

-82.07 

-68  .4 

11.8 

28. 0 

13 

7 

0.4 

14.18 

-62.51 

138.4 

13 

7 

6.7 

14. 9C 

•83.17 

138.4 

1 

-68.5 

13.3 

28.0 

18 

7 

9.4 

15. 65 

-83.87 

139.5 

-52.3 

9.3 

28.0 

15 

7 

11  .6 

16.3*. 

-84.52 

142.3 

-63.6 

12.9 

28.0 

18 

7 

15.2 

12.97 

-81.47 

138.6 

-68.5 

12.4 

23.  C 

18 

7 

13.7 

13,45 

-81.90 

138.5 

-68.6 

11.8 

28.0 

18 

7 

21.9 

14.16 

-82.56 

138.6 

18 

7 

24 .7 

14.90 

—83. 2^ 

139.1 

1 

15 

7 

26.  P 

15.61 

-83.90 

139.9 

-63.7 

13.4 

28.  C 

10 

7 

30.4 

12.23 

-80.87 

138.7 

-53,8 

12.9 

28. u 

18 

7 

33.9 

12.70 

—3 1.  30 

138.3 

-69.0 

12.4 

28.0 

18 

7 

37.2 

13.42 

-31.96 

139.0 

-69.1 

11.8 

28.0 

18 

7 

39.9 

14,17 

-82.65 

139.1 

18 

7 

42  *.1 

14.38 

-3  3 . 29 

148.5 

2 

18 

45.7 

11.49 

— 8 J .23 

139.1 

18 

7 

49.2 

11.96 

-80.71* 

139.0 

18 

7 

52.4 

12.68 

-81.35 

138.8 

13 

7 

55.2 

13.43 

-32.04 

139.5 

10 

7 

57.4 

14,13 

-82.69 

147.4 

15 

8 

0.9 

10.73 

-79.68 

139.1 

ts 

8 

4.4 

11.21 

-80.12 

139.1 

18 

8 

7.7 

11.94 

-83.77 

139.2 

15 

8 

ID  . 4 

12.68 

-3  1.44 

139.6 

16 

a 

12.6 

13.39 

-82.03 

157.3 

A3 


05/05/75 


HEPKuuUCUllLiTY  OF  TH. 
OBIGINAL  PAGE  IS  POOR 


SCAN 

mjHB 


2!».l 
Z^.Z 
25.3 
25  • ^ 
25.5 

26.  t 

26.2 

25.3 

26... 

25.5 

27.  :l 
27  . Z 

27.3 
27. 

27.5 


ft 


INCIO 

ANGLE 

(OEG) 

oov 

156-lt 

6/  5/73 

ITNC 

» OULF  OF 

MEXICO/ 

SARI93EAN 

SCATTERING 

VV 

<06)  (OOJ 

COErpICIENTS 

V«  HV 

<09 ) (08) 

antenna 

V 

<DEG) 

TEMPS 

H 

<OEG) 

aspect 

angle 

<0E6) 

50.5 

43.8 

32.2 

17.1 

0.9 

-19.73 
-20.03 
-12.43 
1.25 
12.3  7 

-16.13 

-22.31 

-12.09 

1.55 

12.4C 

-27.20 

-31.52 

-25.83 

-14.36 

-5.13 

-29.39 

-34.03 

-25.63 

-15-.00 

-4,78 

20'.. 94 
16  9, 3*. 
149. 2«f 
136.66 
137.06 

142.90 

121.32 

125.92 

13J.46 

137.59 

5C.5 
4 3.8 

32.1 

17.1 
0.9 

>6.30  ■ 
-13.45 
-13.53 
1.04 
12.  30 

-6.21 

-12.78 

-14.56 

1.23 

12.17 

-14.13 

-25.85 

-27.97 

-14.73 

-4.91 

-13.95 

-24.50 

-27.98 

-14,34 

-4,»f0 

260.96 
197.39 
156. E3 

131.92 

135.92 

245.01 

18C.55 

127.58 

131.73 

135.44 

50.6 
4 3,8 

. -7.35 

-8.30 

-7.29 

-6.51 

-14.47 

-13.85 

-14.45 

-13.75 

265.75 

266.37 

265.06 

263.14 

KINO 

SPEED 

<N/S) 


sea 

temp 

COEG)  tHR 

15 

18 

IS 

18 

15 

18 

la 

18 

18 

19 


18 

1$ 


CEU  COOROI NATES 
CAT  long 
COEG)  (OeGI 


gnt 

MIN  SEC) 

8 16.2 
8 19.7 
8 22.9 
,8  25.7 
t 

8 3l.i» 

8 S4.9 
8 38.2 
8 40.9 
8 43.1 

8 46.7 
8 50.2 


9.99 

10.47 

11.19 
11.94 
12.65 

9.25 
9.72 
10 .45 

11.20 

11.91 

8.49 

8.98 


-79.11 
-7  9.53 
-86.17 
-‘80.34 
-51.43 

-73.52 

-73.94 

-79.59 

-80.25 

-30.89 

-77.93 

-73.36 


S193  DATA 
A22KTM  FUG 
tOEG) 


139. T 1 

- 

139.2 

133.3 

153.2 

139.5  1 

139.3  2 

139.4 

139.9 

147.9 

139.6  1 

139.5  1 


JSC  - 1/  7/75  S.  TRUTH  - I/21/74 


tAST  MOO  - 8/20/75 


THIS  LISTING  - 09/C 5/75 


A4 


VI  4'‘  C4  fV 


SCftN* 

NUMB 


1.^1 
1 .2 
1.3 

1.5 


3.1 

3.2 

3.3 

3.4 

3.5 


4.1 

4.2 

4 . 3 
4 .4 

4.5 

5.1 

5.2 
5 « 3 
5.^ 

5.5 

6.1 

6.2 

6 . 3 

6.4 

6.5 

7.1 

7.2 

7.3 

7.4 

7.5 


6.1 

a. 2 

3*3 

5.4 

3.5 


INC  10 

ANGiE 

tOEG) 

50.6 

44.3 

•34.0 

19.5 

4.1 


5 0.6 
44.3 

33.9 

19.9 
4.0 


5 C .6 
4 4.3 
33.9 
20.0 
4.3 

50  .7 
44.3 

34.0 

20.0 

4.7 


5 0.7 
44.4 

34.1 

20.2 
5.3 


5C.7 
44.5 
34.2 
2 3.4 
6.C 


50  .9 
4 4 • 6 
54.3 
2 0.6 
6.9 


50  .9 
4 4.6 
34.4 
20.9 
7.7 


COY  15T-1«  6/  6//3  CTNC-R»  HURRICANE  AVA 


SCATTERING 

CCErFIClEMTS 

ANTENNA 

TEMPS 

ASPECT 

WIND 

SEA 

vv 

HH 

VM 

HV 

V 

H 

ANGLE 

SPEED 

TEMP 

ro3? 

(OB) 

(OB) 

(DB) 

(OeG) 

(OEG) 

<DEG) 

<M/S) 

(OEG) 

•15.96 

-25.34 

-30.37 

-29 *35 

166.42 

99*06 

167.1 

6*2 

?5.6 

-18.19 

-23.17 

-30. 64 

-31.56 

157.43 

105.46 

161.7 

6.7 

25.6 

-17.26 

-20.32 

-33.95 

-33.21 

141.55 

110  .5  9 

156.3 

4.6 

25 . 5 

-6.45 

-7.74 

-22.11 

-21.87 

129.93 

121.03 

145.3 

2.6 

25  .5 

13.26 

12.43 

-3*19 

-3.01 

128.46 

126.34 

130 .9 

2.1 

25 .8 

-16.57 

-23.32 

-29.66 

-29*35 

170 .89 

103.44 

172.6 

6.7 

26.2 

-15.38 

-22.30 

- VJ.24 

-30.32 

160.42 

1C9.45 

172*6 

6.2 

2b. 1 

-15.6.3 

-18.73 

-31. 43 

-31*00 

143.61 

114.  i,i 

157.9 

5.7 

26.0 

-3.C6 

-3.76 

-16.45 

-16.34 

134.30 

1 2h  .28 

152.7 

3.1 

26.0 

14.13 

13.97 

-2*9C 

-3.63 

128*91 

129.41 

143.  C 

2.6 

26.1 

-16.06 

-23.67 

-29.68 

-29.60 

173.83 

105.91 

163.2 

8*2 

26.6 

-14..50 

-2C.34 

-28.52 

-28.57 

163.45 

111.44 

163.5 

fi  .2 

26.7 

-13.53 

-15.  i7 

-27*36 

-28.32 

147.21 

116.82 

159. C 

7*2 

26.9 

-1.94 

-2.61 

-17. P4 

-17.51 

135*86 

126.32 

155.7 

4.6 

26.8 

13.14 

13. Cl 

-3*98 

-4*26 

131.90 

133  .29 

154*9 

3*1 

26.9 

-14*24 

-21.46 

-28.17 

-27.70 

176.64 

106.57 

169.0 

9.3 

27*1 

-13.05 

-ie.65 

-27. 32 

-27.54 

163.93 

113.38 

164,3 

9.3 

2 7 * n 

-12.22 

-14.4C. 

-2b. 34 

-26*78 

147.30 

118,42 

170.6 

7.7 

27.8 

-2.11 

-2.62 

-17.53 

-18.13 

135.61 

126. 1C 

163.6 

4*6 

27 . 7 

13.29 

13.09 

-3.76 

-4.07 

131.23 

130.64 

-178.0 

3*6 

27.8 

-13. 16 

-2Q.04 

-27.46 

-26.77 

176*75 

111.27 

174.8 

12.9 

28.0 

-12. 42 

-17^  61 

-26, 33 

-26.39 

166.44 

115.88 

-179i:8 

11.3 

28.0 

^14.74 

-17.47 

-30.22 

-29.53 

147.36 

117.87 

-178.3 

8.2 

28.0 

-4.0C 

-4.11 

-19.13 

-19.80 

137.56 

125.42 

-179.2 

5.7 

28.1 

12.69 

12.61 

-4.  34 

-5.12 

128.22 

130.75 

- 1 53  . C 

4.1 

28*2 

•*14 .23 

-ia.5i 

-26.37 

-2t.05 

179*95 

114.92 

-179.7 

17.5 

28.3 

-13.36 

-16.98 

-26.79 

-26.51 

166.08 

117.52 

-159.1 

14.9 

28.3 

-12.17 

1 

-26.66 

-26.99 

1h8.35 

120.44 

-151  *0 

9.8 

28.3 

-2.39 

-3.55 

-18.19 

-18  .57 

136.35 

126.28 

— 1 4 1 * 6 

6.7 

29.4 

11.72 

11. 7G 

-4.86 

-5.54 

128.58 

132.C9 

4.1 

29.5 

-13. 2C 

-19.34 

-26.50 

-25.57 

179.96 

118*46 

-174.1 

21.6 

28.8 

-14. 13 

-18.68 

-27.84 

-27.84 

165 .98 

117.39 

-157  .9 

19.6 

28,3 

-12.92 

-1  4.9U 

-26.50 

-26.31 

149*94 

122*67 

-140.6 

il.3 

2a. 4 

-2.94 

-3.32 

-IB. 21 

-18.71 

136.90 

128*94 

-129;2 

7*7 

28.5 

11.46 

11.01 

-5.39 

-6. Cl 

128.27 

132*32 

-9).  2 

4 .6 

28.5 

-12.24 

-15.32 

-21.91 

-21  .67 

192.85 

138.91 

-153.3 

26.3 

28 . 2 

-14.27 

-15.74 

-25.33 

-25.59 

177.72 

1 34.65 

-140.1 

21  * 1 

28  * J 

-14.36 

-14.78 

-28*  20 

-28.19 

149.91 

121.45 

-129.1 

13.4 

28.1 

-2.4  6 

-2.79 

-18.02 

-18*62 

137.71 

123.69 

-116.0 

8.8 

28.5 

10.52 

10.37 

-6.39 

-6.92 

129.10 

131*65 

-75.1 

5.1 

28.*^ 

A5 


GMT  ceu.  COOROIMATES  S193  OAT* 
LAT  tONG  AZIMTH  FLAG 


(HR 

MIN  SECI 

(DEG) 

OEG) 

(OEG) 

18 

55 

59*9 

18.76 

-111.61 

227.9 

18 

56 

3.4 

19.16 

-110.82 

228.3 

18 

56 

6.7 

19.73 

-109.37 

228.7 

18 

56 

9.4 

20  .36 

-i:8.87 

229.7 

la 

5 6 

11.6 

20  .99 

-107.93 

239.1 

18 

56 

15.1 

18. C2 

-lie. 90 

227.4 

13 

56 

18.7 

18.42 

-110.12 

227.4 

18 

56 

21.9 

18.97 

-10  9.16 

227.1 

18 

56 

24*7 

19.61 

-133.17 

227.3 

18 

55 

2C.9 

20.22 

-107.22 

2 22.3 

18 

56 

30.4 

17.27 

-110*19 

226.8 

18 

5 6 

33.9 

17.65 

-109.41 

226*5 

18 

56 

37.2 

18.21 

-1J8.46 

226,0 

18 

56 

39.9 

13.83 

-107.47 

2 24.3 

18 

56 

42.1 

19.45 

-10  6.53 

213.1 

18 

56 

45,7 

16.51 

-109*51 

,226.3 

18 

56 

49.2 

16.89 

-lu3.71 

225.7 

18 

56 

52.4 

17.44 

-IQ 7.  77 

224.4 

18 

56 

55.2 

18.07 

-106.77 

221.4 

18 

56 

57.4 

18.68 

-105.84 

195.0 

18 

57 

U.9 

15.74 

-1C8.80 

225.2 

13 

57 

4.4 

16.12 

-108. C4 

2 24,8 

18 

57 

7.7 

16.68 

-107.08 

223.3 

18 

57 

10.4 

17.30 

-126.09 

219.2 

18 

57 

12.6 

tT.9l 

-135.15 

188.0 

18 

57 

16.2 

14.93 

-108.13 

224.7 

19 

57 

19.7 

15.35 

-107.37 

224.1 

13 

57 

22.9 

15.91 

-1C6.40 

221  .a 

18 

57 

25.7 

16.52 

-U5.42 

216.6 

19 

57 

27.9 

17.13 

-IQ  4. 48 

130.3 

18 

57 

31.4 

14.20 

-107.48 

224.1 

18 

5 7 

34.9 

14*57 

-106.68 

222.9 

18 

57 

36.2 

15.13 

-105.74 

22C.6 

18 

57 

40.9 

15.74 

-134.75 

214.2 

18 

5 7 

4 3.1 

16.34 

-1C  3.01 

175^2 

18 

57 

46.7 

13.44 

-106.39 

223.3 

13 

57 

5D.2 

13.30 

-iJ6.02 

222.1 

18 

57 

53.4 

14,35 

-195.07 

219.1 

18 

57 

56.2 

14.96 

-104.08 

211.0 

18 

57 

53.4 

15.56 

-10  3. 

170.1 

00/G5/75 


REPRODUCIBILITy  OP  THj 
ORIGINAL  PAGE  IS  POOR 


oov  157-lt 


6/  6/73 


CTNC-Rt  hurricane  AVA 


SCATTERING  COEFFICIENTS  ANTENNA  TENr-S 


vv 

HH 

VK 

C03) 

(0D5 

{DB> 

13.  02 

-14.53 

-22. 24 

12.45 

-15.35 

-24.64 

13.97 

-15.12 

-29.48 

-2.93 

-2.81 

-13.43 

11.20 

i:.96 

-5.29 

12.51 

-i  1.67 

-21.32 

11.92 

-15*12 

-24.96 

12.72 

-14.88 

-2.96 

-3.36 

-17.41 

11.68 

11.16 

-4.C8 

13.29 

-16.12 

-24.66 

12.14 

-15. C9 

-25.15 

11.16 

-12.78 

-2.7l 

-3.48 

1 

1— 

m ■ 

10.98 

10.36 

-3.  16 

■12.71 

—14.48 

■11.9  2 

-16.63 

•10.29 

-13.15 

• 13.72 

-19.37 

•13.06 

-19.74 

►17.08 


H V 

V 

H 

toei 

«DEG) 

(CEG) 

-22.47 

193.26 

147.46 

-24.67 

175.18 

131.09 

-29.27 

15C .66 

122.71 

-18.92 

134. 5C 

126.51 

-5  .90 

13G  .63 

130.57 

-2C  .9  2 

238.52 

215.39 

-24.92 

169.69 

124. G6 

156.02 

130.64 

-17.56 

136.12 

128.16 

-4.64 

127.98 

131.53 

-25.25 

189 .48 

127.34 

-24.43 

172.25 

125.10 

148.52 

122.14 

-16.21 

145.62 

133.46 

-3.51 

129. 23 

121.76 

2CU .50 

138.79 

165.80 

118  .6  8 

149.7^ 

123.88 

138.50 

132.47 

126.52 

133.16 

179  .37 

118.27 

163, 5C 

116.89 

146.02 

121.20 

134.  18 

129.42 

128. 39 

133. 5C 

174.33 

111.21 

162. 18 

115.06 

145.97 

120.64 

135.11 

129.25 

142.51 

152 .70 

172.86 

113.26 

163 . 64 

1 1 5 . Jj  5 

148. 34 

124.62 

195.00 

1 88 . 2 4 

133.49 

137.56 

172. 85 

110.22 

160.98 

115.89 

145.26 

123 .98 

161.32 

155.84 

129.81 

135.43 

ASPECT 

HI  NO 

SEA 

GKT 

CELV  COORDINATES 

ANGLE 

SPFEO 

TEMP 

LAT 

tr£G> 

<N/S? 

(OLG) 

(HR 

HIN 

SEC) 

(OEG) 

(9  EG) 

-112.6 

25.7 

27 . 3 

la 

58 

1.9 

12.64 

-10  6.14 

-111.  1 

2C.1 

27.8 

Id 

58 

5.4 

13.01 

- 10  5. 37 

-1C7.9 

14.4 

28.3 

18 

56 

8.7 

13.56 

-104.41 

-99  • 0 

9.3 

28.3 

lO 

58 

11.4 

14,17 

-13  3,42 

-62.3 

5.2 

29.  C 

13 

53 

13,6 

14.78 

-13  2.48 

-76.9 

19.6 

28.5 

18 

58 

17.2 

11.85 

-105.51 

-80.2 

16.5 

29.0 

18 

58 

20.7 

12.22 

-104.72 

-B1.4 

13.4 

29.  C 

IS 

58 

23,9 

12.75 

— lu  3. 76 

-81,6 

8.8 

29.C 

13 

53 

26.7 

13.38 

-132.77 

-39.3 

6.7 

29.0 

13 

53 

28.9 

13.93 

-101.83 

-46.1 

16.0 

29.0 

13 

5 8 

32.4 

11.36 

-104.85 

— 54 . 2 

13.9 

29.0 

18 

5 8 

35.° 

11.44 

-13  4.  C5 

-60  .2 

10.3 

29. C 

13 

58 

39.1 

11.99 

-103. 12 

— 64.5 

6,2 

29.0 

18 

56 

41,9 

12.59 

*102.12 

-2b  .3 

6.7 

29, G 

13 

58 

44.1 

13.20 

-101.18 

-‘.0 . 3 

11.3 

29.0 

16 

53 

47.7 

1C  .27 

-104.2G 

-4  3.4 

9.6 

29,0 

13 

53 

51.2 

10.65 

-133.42 

-58.8 

8.8 

29  . C 

1C 

58 

54.5 

11.18 

- 1 j 2 . 46 

-42 . 4 

7,7 

29.0 

IB 

58 

57.2 

11. 3Q 

-13  1.48 

-14.6 

6.2 

29.  C 

13 

5 6 

59.4 

12.40 

- 13  3 . 53 

-21.6 

9.3 

18 

59 

2.9 

9.47 

-133.5S 

-27.6 

n -8 

IB 

59 

6.4 

9.84 

-10  2.79 

-27.5 

7.7 

18 

59 

9.7 

1C  ,39 

-10  1.83 

-25  • 1 

6 .7 

18 

59 

12.4 

11. bC 

— lu  u * 63 

1 . n 

6.2 

18 

59 

14 ,6 

11.60 

-99.89 

-17.9 

8.2 

18 

59 

13.2 

0.67 

-132.94 

18 

5 9 

21 .7 

9.04 

-102.16 

18 

59 

24,9 

9.59 

-1.1.2c 

18 

59 

27.7 

10.23 

-13C. 23 

18 

59 

29.9 

10  .30 

-99.25 

18 

59 

33.4 

7.87 

-10  2.31 

18 

59 

36.9 

8.24 

-1C  1.54 

18 

59 

4C.2 

8.79 

-13  0.57 

13 

5 9 

42.9 

9 .40 

-99.57 

13 

59 

45.1 

13  .05 

-98.62 

13 

59 

4 6.9 

7 • u5 

-ni.73 

18 

59 

52.2 

7,43 

-13  0.91 

18 

5 9 

55.4 

7.97 

-99.95 

13 

59 

5 8.2 

8.60 

-96. 9- 

19 

0 

0.4 

9.19 

-97.99 

S193  DATA 
AZIrtTH  FUAG 
(DEGT 

222*6 

221.1 

217*9 

2C9.C 

167.3 

221.9  h 

220.2 

216.4 
206*6 

164.3 

221.1 

219.2 

215.2 

204.5 

161.5 

22C.3  k 

213.4 

213.8 
2G2.4 

159.8 

219.6 

217.6 

212.5 
20Q.1 
159.0 

215.9 

216.6 

211.4 

1 97 . 5 
157*0 

218.2 

215.7 

209. 9 
196.3 
156.2 

217.5 

2C3.5 

194.5 

155.6 


09/05/75 


OOY  157-1» 

SCAM 

INC  10 

SCATTERING 

NU*18 

ANGLE 

VV  HH 

(OEG) 

tOB>  «D8) 

17.1 

52.7 

17.7 

46.6 

17.3 

37.1 

17.4 

25.3 

17.5 

18*1 

52.9 

15.2 

46.9 

ia.3 

37.6 

15.4 

25.9 

16.5 

17.4 

6/  6/73  CTNC' 

-R,  HURRICANE  AVA 

COEFriClENTS 

ANTENNA 

TEMPS 

VM  HV 

V 

H 

(08>  (OB) 

(OEG) 

(DEG) 

171.72 

111.13 

159.99 

115.41 

143.72 

1201.50 

- 

131.92 

123.75 

171.56 

111.46 

158.93 

115.40 

146.57 

12G.70 

135.61 

130.25 

ASPECT 

HtNO 

SEA 

GMT 

ANGLE 

SPEED 

TEMP 

MIN  SEC) 

(OEG) 

(H/S) 

(DEG) 

(HR 

19 

0 4.1 

19 

0 7.4 

19 

0 Id. 6 

19 

0 13.4 

19 

C 

19.2 

19 

0 

22.7 

19 

0 

25.9 

19 

0 

28.6 

19 

0 

30.9 

CELL  COOP.OXHATES  S193  DATA 
lat  long  azinth  flag 

tOEGI  OE<^>  ?D£G) 

6.Z2  •131.08  21&.6 

6.SZ  -100.30  213.9 

7.18  -99.33  207.7 

7.79  -96.32  192.7 


5.42  -100.47  215.8 

5. SI  -99.68  213. 

6.36  -95.71  206. 

6.99  -97.73  191. 

7.59  -96.74  153. 


JSC  - 1/  S/75 


last  moo  - a/28/75 


S.  T9UTH 


4/11/75 


THIS  LISTING  - 09/05/75 


U)  (M  JT  M 


reproducibility  of  Tlk: 
ORIGiMAL  PAGE  IS  P(X)R 


OOv  162-1* 


SCAN 

InCIO 

SCA  TTEP.ING 

NUH8 

ANGLE 

vv 

HH 

(OEG) 

tOB) 

(DB) 

1.1 

1.2 

44.4 

1.3 

32.6 

1.4 

17.6 

1.5 

2tl 

51.0 

-19.40 

-22*18 

2,2 

44.4 

-27*21 

-31.14 

2.3 

32.7 

-19*22/ 

-19.72 

2.4 

17.6 

-Q.87 

-0.4  3 

2.5 

1.5 

15.16 

15.16 

3.1 

51.0 

-29.20 

-30.30 

3.2 

44.4 

-22.62 

-21*07 

3.3 

32.6 

-20.50 

-22.15 

3*. 4 

17.6 

-1.45 

-0.G4 

3*5 

1.5 

14.57 

14.53 

4.1 

51.0 

-25*80 

-30.44 

4.2 

4 4.3 

-23.89 

-26. 97 

4.3 

32.7 

-19.00 

-17.66 

4.4 

17.7 

-3.12 

-2.96 

4.5 

1.6 

15.38 

15.26 

5.1 

51.0 

-24.64 

-29*76 

5.2 

44.4 

-22.62 

-26^02 

5.3 

32.7 

-19.21 

-1 9.46 

5.4 

17.6 

-2.44 

-1*75 

5.5 

1.5 

16.02 

15.79 

6.1 

51.0 

-21.41 

-26.33 

6.2 

44.3 

-21.24 

-24.11 

6.3 

32.7 

-15.81 

—16.57 

6 4 

IT  . 6 

-1.67 

-1*35 

6.5 

1.5 

16.26 

16.47 

7.1 

5 0.9 

-21.36 

-26.36 

7«2 

44*4 

-17.92 

-21.32 

7.3 

32.7 

-15 . 7 3 

-16.16 

7.4 

17.7 

-0.15 

C.37 

7.5 

1*6 

15.39 

15.34 

e.i 

51*0 

-23.99 

-31.56 

9.2 

44.4 

-20.65 

-23. 66 

3.3 

32.7 

-13.36 

-13.88 

f .4 

17.7 

C.iO 

C.50 

1-  5 

1*6 

14. 5C 

14,60 

6/ll/r3  ITNC. 

GUuF  of 

coefficients 

ANTENNA 

VH  HV 

V 

(OB)  ID5) 

(DEG) 

173.27 

16^.50 

153.05 

-33*49 

-38.21 

189*20 

-38.15 

-35*24 

177*69 

-35.42 

-33.77 

164.34 

-16.25 

-15  .57 

157.57 

-2.2  6 

-1.57 

153.38 

-37.43 

-38.11 

191.99 

-36.47 

-34.36 

180 . 48 

-35.44 

-42.61 

162.0  2 

-16.16 

150.28 

-3.11 

-1.76 

150.26 

-38.51 

-38.11 

182.93 

-38.12 

-35.38 

172  .76 

-35. 55 

-32.49 

154.96 

-13.49 

-17.84 

139.75 

-i.83 

-L  .93 

138. C8 

-42.99 

-40.56 

177  ,77 

-36.44 

-38.39 

165.54 

-34.58 

-35.57 

148.54 

-16.98 

-16.33 

140.35 

-1.4C 

-G  .47 

131.34 

-32.7C 

-45.67 

173.51 

-35.25 

-34.26 

162.41 

-32.42 

-32.47 

145.29 

-It  .45 

132.76 

-0.71 

-G.37 

1 31 .94 

-32.39 

171.73 

-32.26 

-31.76 

159. U8 

-31.49 

-31.^9 

141.92 

-15.50 

-15.52 

130.26 

-1.74 

-1.12 

128-84 

-43.ee 

-4C .52 

172.01 

-33.50 

-34.38 

159.64 

-28.92 

8. Cl 

142.05 

-15.46 

-15*13 

129.95 

-2*62 

-2.26 

126  .C5 

MEXICO 


TEMPS 

ASPECT 

KINO 

SEA 

H 

ANGLE 

SPEED 

TEMP 

(OEG) 

(DEG) 

(M/S) 

(OEG) 

3.1 

28.  C 

122.31 

-2.5 

4.1 

27.0 

140.92 

2.9 

4.1 

27.0 

143.22 

4.  0 

5.1 

27. C 

5*7 

26. C 

135.61 

-13.0 

2*1 

28.0 

128.52 

-8.0 

2.6 

28.0 

138.79 

-2.6 

4.1 

27.0 

152.95 

3.4 

4*1 

27.0 

150.95 

23.5 

5.1 

27.0 

128.17 

-23.3 

2.5 

28*0 

133.45 

-18.2 

2.6 

29.C 

135*03 

-8.0 

2.6 

28.0 

141.16 

-1.8 

4.1 

27.0 

149.46 

17.6 

4.1 

27.0 

118.22 

-28.8 

3.6 

29.0 

123.61 

-26.7 

3.1 

29.0 

127.93 

-18.3 

2.6 

29.0 

132.01 

-7.4 

2.6 

28  . C 

136.19 

2 3.1 

4.1 

27.0 

IID  .76 

-29.1 

4.6 

29.0 

114*75 

-28.9 

4,6 

29.0 

120.00 

-28.8 

3.1 

29.  C 

127.29 

-17.7 

2.6 

29.0 

*128.91 

14.6 

2.6 

28.0 

105.34 

-34.5 

4.6 

29.0 

110 . 30 

-3  4.4 

4 *6 

29.0 

117.70 

-28.8 

4.6 

29.0 

124. ca 

-27.9 

3.1 

29  * 0 

128*44 

-3.9 

2 .6 

29.0 

106.16 

-34.7 

4.6 

29.0 

109.30 

-34.7 

4.6 

29.0 

tl5.ee 

-34 , 5 

4.6 

29.0 

123.55 

-28.2 

4 * 

29.0 

127.33 

-5.3 

3.1 

29.0 

105.37 

-45.1 

4.1 

39*C 

109.62 

-34.9 

4.6 

p8.0 

115.90 

-34,8 

4.b 

29.0 

122.20 

-13.9 

4.6 

21.0 

125.58 

-5.7 

4.6 

29.0 

GMT  CEIL  COORDINATES 


tAT 

LONS 

(HR  MIN  SEC) 

(DEG) 

(0£GI 

15 

20 

25.8 

27.51 

-90.06 

15 

2G 

28.9 

28.19 

-90.89 

15 

20 

31.6 

23.88 

-91.72 

15 

20 

37*0 

26.42 

-88.86 

!:> 

20 

40*6 

26.84 

—89. 37 

15 

20 

43.6 

27.52 

-90*16 

15 

20 

46.6 

26.21 

-9u*93 

15 

20 

43.8 

28.9  6 

-91*77 

15 

20 

52*3 

25.73 

-88.15 

15 

20 

55.8 

26.16 

-88*65 

15 

20 

59.1 

26.94 

-39.44 

15 

21 

1.8 

27.54 

-90.24 

15 

21 

4.0 

23.18 

-91*  02 

15 

21 

7.5 

25.02 

-37.44 

15 

21 

11.1 

25.47 

-87.95 

15 

21 

14.3 

26.15 

-88.71 

15 

21 

17.1 

2b. 85 

-89.51 

15 

21 

19*3 

27.51 

-9C.27 

15 

21 

22.6 

24.33 

-36.74 

15 

21 

26.3 

24.77 

-87.23 

15 

21 

29.6 

25.46 

-38. 00 

15 

21 

32.3 

26.17 

-88.79 

15 

21 

34.5 

26.83 

"-8  9 • 53 

15 

21 

38.0 

23.63 

-86.05 

15 

21 

41.6 

24.0  8 

-86*55 

15 

21 

4*..$ 

24.76 

-87.29 

15 

21 

47.6 

25,47 

-08*38 

15 

21 

49.7 

26.14 

-38.83 

15 

21 

53.1 

22.94 

-85. 3S 

15 

21 

56.6 

23.37 

-85.86 

15 

2 2 

0.1 

24. Q6 

-86*60 

15 

22 

2.8 

24.78 

-37.37 

15 

22 

5.0 

25.45 

-88.11 

15 

22 

8*5 

22.22 

-84.70 

15 

22 

12.1 

22.67 

-35.18 

15 

22 

15,3 

23.36 

-35.91 

15 

22 

18.1 

2h.08 

-86.63 

15 

22 

2d.  2 

24.75 

-87.41 

S193  DATA 
A2IMTH  FUG 
(OEG) 


132.5 

132.1 

131.0 


133.0  k 
133.0  2 

132.6 

131. 5 

111.5 

133.3  2 

133.2  k 

133.0 

131.3 

117.4 

133.8 

133.7 

133.3  4 

132.4 

106.9 

134.1 

133.9 
133.  S 

132.7 

110.4 

134r5 

134.4 

133.8 

132.9 

118.9 

134.7 

134.7 

1 34.5 

133.2 

110.3 

135.1  2 

134.9 

134.8 

133.9 

iio.r 


A 8 


09/C  5/75 


OOY  1&2-1. 


6/11/73 


ITNCt  GULF  OF  MEXICO 


SCAN 

INCIO 

SCATTERING 

NUH8 

ANGLE 

VV 

HH 

(OEG) 

(08) 

9.1 

50.9 

•22.51 

-28.41 

9.2 

^ 44.3 

-17.68 

-11.83 

9.3 

32.7 

-14.92 

-15. 19 

17.7 

0.71 

G.02 

9.5 

1.6 

14.51 

1 4^  5 5 

10  *•! 

51*0 

-19.64 

-24.  73 

10 .2 

4 4 .4 

-19.94 

-23.71 

10.3 

32.0 

-13.79 

-9.63 

1C 

17.7 

0.22 

G.61 

1 C . 5 

1.7 

13.  80 

13.  '6 

11.1 

51.0 

-17.55 

-23.70 

11.2 

44.4 

-16.77 

-20.04 

11 . 3 

3 2.3 

-14. 42 

-15.36 

11.4 

17.7 

-1.16 

-1.45 

11 .5 

1.7 

14.46 

lv.39 

12.1 

51.1 

-2C.O0 

-24.90 

12.2 

4 4.4 

-16.37 

-19.71 

12.3 

32.3 

-12.89 

-13.63 

12.4 

17.7 

0.54 

L.65 

12.5 

1.7 

13.89 

13.78 

13.  t 

51.1' 

-25.69 

-32.52 

13.2 

44.3 

-20.13 

-23V11 

13.3 

32.3 

-12.12 

-13.04 

13.4 

17.7 

3.50 

1.26 

13.5 

1.7 

13.84 

14,16 

14,1 

51.1 

-27.29 

-32.57 

14,2 

4U  .4 

-23.21 

-26.91 

14  « 3 

32.8 

-13. 93 

-14. 98 

14.4 

17. S 

1.34 

1.43 

14*5 

1.6 

13.54 

13.63 

15.1 

51. C 

-27.33 

-35.36 

15.2 

4 4.** 

-2^.19 

-27.75 

15.3 

2 2.8 

-16.72 

-17.89 

15.4 

17.7 

0.59 

1.12 

15.5 

1*5 

-46.21 

COEFFICXENTS 

ANTENNA 

TE«PS 

VH 

HV 

V 

H 

(08) 

toe) 

(DEG) 

CO£G) 

-36*83 

—35.88 

-16.66 

-21.47 

207.72 

142.59 

-31.49 

-30.31 

141.92 

116.79 

-14.39 

129.59 

122.28 

-2.77 

-2.13 

125.81 

124.79 

-33.62 

-33.48 

170  .75 

104.39 

-34.24 

-34.35 

158 .63 

107. G6 

-14.69 

-18.64 

198.26 

154.54 

-15. u9 

-14.63 

130.13 

121.25 

-3.4i* 

-2  .88 

127.55 

126. J2 

-33.48 

-32.42 

169.46 

103. 6C 

-31.79 

-3C.96 

159.85 

100.31 

-30.62 

-29.64 

X41.2: 

117.31 

-13.94 

-15.30 

189.08 

147.59 

-3.  06 

-2 . 65 

129.55 

124.97 

-35.44 

-34  .14 

170  .79 

103.92 

-30.83 

-29.82 

159.85 

109.31 

-27.51 

-27.28 

144.58 

118.95 

-1L.59 

131.66 

123.51 

-3.44 

-3.51 

197.02 

167.95 

-34.94 

169.66 

1C1.23 

-35. C6 

-35.33 

150.13 

li57.50 

-27. C 9 

-27 ,15 

141 .97 

115. Cl 

-14.77 

-14.21 

132.64 

125.35 

-3.25 

-2.49 

128.76 

127.81 

-36.68 

-39.41 

168.72 

101.32 

-37.69 

-36.15 

157. 38 

105.33 

-30.26 

-29.36 

144.34 

115.56 

— 4 . 33 

-13.96 

131.9*1 

122.99 

-3.04 

-5.12 

129.29 

127.28 

-30.28 

-38.08 

168.25 

ICI.37 

-41.  01 

—38.33 

155.11 

107.56 

-33.62 

-33.70 

140. 3C 

113.05 

-1^.64 

129.60 

121.27 

-41.17 

129  .21 

120.22 

ASPECT 

WIND 

SEA 

GMT 

ANGLE 

SPEED 

TEMP 

(DEG) 

( N/S) 

(OEG) 

(HR 

MlN 

SEC) 

-75.3 

2.6 

29  . C 

15 

22 

23.5 

15 

22 

27.3 

-34.9 

4.6 

28. C 

15 

22 

3C  . 6 

-33.8 

4*6 

29.  P 

15 

22 

33.3 

-14.  1 

4.6 

29.0 

15 

22 

35.5 

-70.7 

6.2 

29.  G 

15 

22 

39.0 

-75.5 

4.1 

29.0 

15 

22 

42.6 

15 

22 

45.8 

-33.9 

4 .6 

28.0 

15 

22 

48 .6 

-17.1 

4.6 

29. C 

15 

2 2 

50 ,8 

-75.9 

7.7 

28.0 

15 

22 

54.3 

-70.9 

7.2 

29.  G 

IS 

22 

57,8 

-75.5 

4.1 

29.0 

15 

23 

1.1 

15 

23 

3.8 

-14. C 

4.6 

28.0 

15 

23 

6.0 

-1G6.2 

6.7 

2S.G 

15 

23 

9.5 

-81.0 

7.7 

20.0 

15 

23 

13.1 

-70.8 

7.2 

29.0 

15 

23 

16.3 

-74.9 

4.1 

29.  C 

15 

2 3 

19.1 

15 

23 

21.2 

- 106.5 

3.6 

28.0 

15 

23 

25.0 

-106.5 

5.1 

20.0 

15 

23 

20.3 

-U.O 

7 .7 

28.0 

15 

23 

31.6 

-69.9 

7.2 

29.0 

15 

23 

34.3 

-57.8 

4.1 

29.  C 

15 

23 

36.5 

-06.7 

4.1 

28.0 

15 

23 

4u  .0 

-186.7 

2. 6 

28.0 

15 

23 

43.6 

-1C6.2 

5.1 

28.0 

15 

23 

46,8 

-83.6 

7.7 

28.0 

15 

23 

49.6 

-51.0 

7.2 

29.0 

15 

23 

51. 7 

15 

23 

55.3 

15 

23 

58.8 

15 

24 

2.1 

. 

15 

24 

4.8 

15 

24 

7.1 

CELL  COORDINATES 

S193  DATA 

LAT 

LONG 

AZIMTM  FLAG 

(DEG) 

CO  EG) 

(DEG) 

21.52 

-54.05 

135.3 

21.96 

-8  4.51 

135.2  1 

22.66 

-85.24 

134.9 

23.37 

-85.99 

133.8 

24.05 

-06.72 

114.1 

20.79 

-83.38 

135. T 

21.24 

-83.84 

135.5 

21  .94 

-?  4 .56 

135.2  1 

22.67 

—8  5 . ol 

133.9 

23.34 

-0  6 • C2 

117.1 

20.07 

-82.72 

135.9 

20.52 

-03.18 

135.9 

21.22 

-03.93 

1 35.5 

21.96 

-84.64 

134.6  1 

22.64 

-8  5. 35 

114.0 

19.34 

-82.07 

135.2 

19.80 

-82.53 

136.0 

20.51 

-63.24 

135.8 

21.24 

-33.90 

134.9 

21.92 

-84.58 

116.3 

10.60 

-a  1 • 42 

136.5 

19.08 

-81. 9j 

136.5 

19.79 

-32.59 

136. C 

2G  . 53 

-03.32 

134.9 

21.21 

-04.01 

117.8 

17.89 

— 8G . 80 

136.7 

16.36 

-01.26 

136.7 

19. C6 

-81.95 

135.2 

13.80 

-82.67 

135.5 

20  .50 

-83.36 

116.3 

17.16 

-80.17 

137.0 

17.63 

-80.62 

135.8 

10.34 

-81.31 

136.4 

19. 09 

-62.C3 

135.4 

19.77 

-32.71 

121.2 
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ORIGINAL  PAGE  IE  POOR 


OOY  216-1 


«/  ^/73 


CTNC-i./'? 


SCAN 

1N€I0 

SCATTERING 

COEfFICIENTS 

ANTENNA 

NUHS 

AMSie 

vv 

HH 

VH 

HV 

V 

ID  EG  ) 

CDB) 

(G8  5 

(D'D) 

<oe) 

(OEG) 

1*  1 

4 5*9 

160.65 

1*2 

41*3 

148,51 

1*3 

33.4 

140 . 3*4 

1*4 

15.5 

132,03 

1*5 

2.1 

47*7 

•15.78 

-2C.62 

-29.98 

-30  .08 

160 . C5 

2.2 

41*5 

•13.54 

-16.94 

•27.65 

-2S.2& 

151.19 

2.3 

31*3 

-9.69 

-11*34 

-24,47 

-25.16 

133.30 

2.4 

17,2 

0.95 

0.66 

-16.C1 

-14,79 

129.7G 

2»5 

1.7 

13. 05 

12.52 

• 3,96 

-4,25 

126.19 

3»1 

49.D 

•15.32 

-22.75 

-29. C6 

-29.47 

163.58 

3*2 

41*4 

-18.43 

-22.16 

-31*96 

-31.56 

153.C8 

3*3 

3 2 .5 

•13*62 

-14.02 

-27.80 

-28.64 

140  .46 

3.  A 

15  .9 

2.  66 

2.34 

•13.79 

-14,46 

129.36 

3 - 5 

1.1 

12.97 

13.13 

-3.69 

-4,33 

124. h5 

4. 1 

47.5 

•18.65 

-22*33 

‘ -31. iC  • 

-32.70 

16  Q . 28 

4,2 

m .6 

-13*96 

-17.5C 

-28.21 

-28  .70 

151.23 

£♦  .3 

31.3 

^10.^9 

-12.53 

•29.13 

-25*62 

138.61 

^ 

17.3 

G*oC 

G.28 

-14*73 

-t5-26 

123. 7S 

4 *S 

1*7 

12.99 

12.56 

-4.16 

-4,41 

126.41 

5.1 

49.0 

-16.84 

-22.16 

•29.83 

-30.29 

173.10 

5*2 

41*4 

*15.17 

•20.58 

-30.04 

156.93 

5.3 

30.5 

*^10.90 

•12.15 

-24.84 

-25  ,96 

141,84 

5.4 

16*0 

2.  23 

2.05 

-14.11 

•12. 

126,92 

5.5 

1.1 

13.19 

13.05 

•3.69 

-4.16 

123.44 

5*1 

47.8 

•17.93 

•22.53 

-32.71 

-32*05 

159.02 

6.2 

41.6 

-15,23 

-19*02 

-29.69 

•29.77 

151.31 

6*3 

31*3 

-12. 13 

-12.  36 

-26.93 

-27.81 

. 136.74 

5*4 

17*3 

0,57 

C . 12 

-15.13 

- 15 .34 

124.79 

6*5 

1 *7 

13.01 

12*.93 

-4.  0 4 

-4.65 

122  .44 

7,1 

49.1 

-17.65 

-24.45 

-30.55 

-3C  .81 

161*94 

’'.2 

/ 41,4 

-16.03 

-20.17 

-29. 44 

-29.77 

150.23 

7 . 3 

32.4 

-13.97 

-14.09 

-28.42 

-28.42 

136.32 

7,4 

i5  .9 

2.11 

1.7C 

-13.43 

-13.98 

125.99 

7*5 

1.1 

12.96 

13.11 

•»3.9G 

•4.49 

120 . 84 

fl.l 

47.9 

-16. 04 

-22*91 

-33.96 

-31.78 

159.67 

3 • 2 

i*1.7 

-15*44 

-18.99 

-30. OG 

-29.73 

149 .96 

5*3 

31.4 

-13. 31 

-13.73 

-20.20 

-28. »6 

134.80 

5 .4 

17*3 

0.4  3 

-L.IC 

•15.09 

-15.^2 

125.27 

i.5 

1.7 

13.15 

i2.no 

-3.9C 

-4.il 

122.96 

PACIFIC 
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CTNC-U/R.f  NORTH  PACIPIC 


SOtili 

INCID 

SCATTERING 

COiFFICIENTS 

ANTENNA 

TEMPS 

KUhB 

ANGLE 

vv 

HH 

VH 

- HV  • 

V 

H 

(05G) 

(OB) 

(09) 

(03) 

(06) 

(OEG) 

(OcG) 

9*  1 

49.0 

-24.40 

-28.44 

-35.66 

-34,53 

159.86 

100.14 

9V2 

41.4 

-18.81 

-21.72 

-31.  09 

-32.Q9 

148.93 

107.25 

9*3 

3D  .5 

-12.56 

-13.82 

-27.26 

-27.07 

133.73 

110.79 

9*9 

16.0 

2.17 

1.77 

-14.11 

-13.71 

126.61 

119.28 

9.5 

i.l 

13.26 

: 13.15 

-4.  11 

-4.41 

125.26 

125.76 

1C  * 1 

47*9 

-2C.18 

^24,07 

-32.51 

-33.25 

16C  .04 

IDO. 76 

10.2 

41.7 

-15.51 

-ld.61 

-29.40 

-30.04 

150.07 

106.74 

ID.  3 

31.4 

^13.64 

-13.61 

-28.17 

-28.38 

136.82 

112.67 

10.4 

17.4 

0.04 

0.07 

-15.12 

-15  .83 

123.62 

115.75 

10.5 

1.8 

12.77 

12.97 

-4.0  5 

-4.58 

123.94 

122.38 

11. 1 

4 9.0 

-20.92 

-24.91 

-31.60 

-31.56 

160 . 75 

100.92 

11.2 

41.4 

-17*97 

-20.52 

-31.13 

-30 .70 

149.29 

1C8.54 

U.3 

30  .4 

-11.83 

-12.92 

-25.34 

-26.24 

138.40 

115.37 

11  • 4 

15.9 

2.35 

2n  17 

-14.10 

-13. 5C 

125.44 

121.25 

11.5 

1.0 

13.05 

12^87 

-*♦ . 1 5 

-‘..74 

121.9U 

121.42 

12*1 

47  .9 

-19.62 

-20.67 

-30.76 

-29.0 0 

153. C5 

102.26 

12 . 2 

41.7 

-i5.ro 

-19.17 

-30.33 

-3C.37 

150 .10 

1 0 5 .6  9 

12.3 

31  .5 

-12.64 

—14.12 

-27.6C 

-27.3? 

135.55 

lie .37 

12.4 

17.3 

5.74 

ii.27 

-14,92 

-15,10 

124.38 

117,55 

12.5 

1.7 

12.74 

12*44 

-4.26 

-4.58 

121.52 

122.57 

13.1 

49.0  • 

-20.67 

-24.46 

-31.25 

-31.71 

160 .13 

1U2.76 

13.2 

41.5 

-16.59 

-19. 4C 

-28.69 

-28.93 

149.30 

108.49 

13.3 

30.5 

-11. 07 

-12.1^ 

-24.88 

-25.18 

137.65 

117.75 

13.4 

15.9 

2.16 

1.8  0 

-14-35 

-13.83 

128.65 

122.85 

13.5 

1»0 

12.80 

12.51 

-4,58 

-4,70 

119.81 

122.92 

14.1 

4 8*0 

-17.5  6 

-19.11 

-2d. 83 

^29. ?i 

159.61 

lul.17 

14*2 

41.7 

-15.26 

-17.80 

-28.41 

-28.48 

149,79 

1U5  .28 

14.3 

31.4 

-10.74 

-12.31 

-24.74 

-25.37 

134.83 

113.25 

14  .4 

17.3 

1.07 

C.79 

-14.42 

-14. 9C 

127.60 

119.17 

14.5 

1.7 

12.23 

-4,66 

-5. 1C 

121. 32 

124.41 

15.1 

15.2 

4 9.1 
41.4 

-19.41 

-23.67 

-30.81 

-30.62 

162. 28 

105.30 

1.  • o 
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ASPECT 

WIND 

SEA 

gmt 

CEIL  COOROINATCS 

S193  DATA 

angle 

SPEED 

TEMP 

LAT 

LONG 

A2IMTH  FLAG 

(OEG) 

(M/S) 

fOEG) 

CHR 

MIN 

: SEC) 

(DEG) 

CD  EG) 

(DEG) 

-133.1 

6.1 

9.4 

17 

10 

15.9 

54.29 

-153.56 

359.1  -2 

-128.4 

6.9 

9.6 

17 

10 

19.4 

53.39 

-153.14 

359.4 

-127.2 

6.0 

1C.  5 

17 

10 

22.7 

52.35 

-152.76 

0.2 

-128.6 

8.6 

11.2 

17 

10 

25.4 

51.25 

-152.44 

1.6 

134.9 

9.2 

11 .0 

17 

10 

27,6 

50  .17 

-152.18 

97.1 

4 8.3 

s 7 .9 

14.0 

17 

10 

31.1 

46,20 

-151.66 

177.2 

50.8 

8.2 

13.5 

17 

10 

34.7 

46.94 

-151,33 

177.2 

53,1 

8 .0 

13.0 

17 

10 

37.9 

47 . 94 

-151.12 

176.9 

56.3 

9.5 

12,2 

17 

10 

40.7 

49.03 

-15a. 9G 

175.7 

94.5 

9.0 

11.8 

17 

1C 

42.3 

5D.il 

-150.71 

139.5 

-122.3 

7«4 

9.4 

17 

10 

46 . 4 

54.33 

-15C. 35 

1.3 

-120.7 

9.0 

9.9 

17 

10 

49.9 

53.42 

-150. OD 

1.7 

-122.5 

i:,5 

ID  .0 

17 

ID 

53.2 

52.37 

-149,69 

2.5 

-1?5. 4 

1C.0 

11.2 

17 

1C 

55.9 

51.26 

-14  9. 44 

4.4 

133.0 

ii3.a 

11.7 

17 

10 

58.1 

5 0.13 

—149.26 

103.3 

49.3 

6 .4 

13.4 

17 

11 

1,5 

46.19 

-143,97 

179.7 

51.3 

6.9 

13, C 

.17 

11 

5,1 

46.93 

-140.65 

179.7 

5 2.6 

0 .4 

12,  e 

17 

11 

0,4 

47.92 

-143,33 

179.4 

57.1 

9.9 

1 2 .0 

17 

11 

11,1 

49.01 

-148.05 

177.9 

93.3 

11.2 

11,6 

IT 

11 

13.3 

50,03 

-147, 80 

143.7 

-113.7 

3,9 

ir»,i 

17 

li 

16.9 

54.29 

-147.  13 

3.7 

-118.0 

11.4 

10 . 3 

17 

11 

2b  .4 

53.37 

-146.66 

4.0 

-J22.0 

11.9 

10,7 

17 

11 

23,  7 

52.31 

-146.62 

5.0 

-125.7 

12,3 

11 , 1 

17 

11 

26.4 

51.20 

-146.45 

6,7 

120.4 

11.7 

11.5 

17 

11 

20.6 

5u.ll 

- 146. 34 

109.6 

56.1 

5 .9 

13,0 

17 

11 

32.1 

46.12 

-146.28 

181.9 

55.  Q 

7.1 

12, 7 

17 

11 

35.7 

46.86 

-145.93 

182.3 

53.4 

0.0 

12.4 

17 

11 

38.9 

47 . 34 

-145.55 

181.6 

56.4 

iC.5 

12. C 

17 

1 1 

41.7 

45,91 

-145.21 

18u,6 

89.9 

11.0 

11,5 

17 

1 1 

43.8 

49.97 

-144 ,69 

149.1 

-J  24.0 

6.2 

lu  ,7 

17 

11 

4 7,4 

54.17 

-143.92 

6.0 

— ! ? 5 • C 

ID  .2 

1C. 7 

17 

11 

50,7 

53.23 

-143,76 

6.0 
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SC4K  InCIO 

nuhe  angle 

OEG) 


1.1 

50*5 

1*2 

44.4 

1.2 

32.6 

17.6 

1.5 

2*1 

50.6 

2p2 

4 4.3 

2.3 

32.7 

17.6 

2 .5 

1.7 

3,1 

5C  .6 

3,2 

44.4 

3.3 

32.7 

17.7 

3,5 

1*6 

U.t 

51.6 

4.2 

4h  .4 

4i>3 

3 2.7 

4.4 

17.5 

4.5  ' 

1.7 

5.1 

50  .9 

5.2 

44.3 

5.3 

32.7 

5.4 

17.7 

5,5 

1.7 

6.1 

51.0 

6-2 

44.4 

6.3 

32.6 

6.4 

17.6 

6.5 

1*6 

7.1 

50.9 

t.2 

44.3 

7.3 

32.7 

7.4 

17.6 

7.5 

1.7 

5.1 

50.9 

6.2 

44.3 

6.3 

32.7 

a .4 

17.5 

6.5 

1.7 

OOY  216-2.  8/  ITNC, 

SCATTEP.ING  COEFFICIENTS 
. uLi  VH  HV 


i 


•15.46 

•12.96 

-7.37 

3.31 

12.66 

-22.61 

-17.21 

-9.26 

3.47 

12.48 

-30*68 

-27.02 

-22.11 

-13.43 

-4.99 

-so .80 

-26*44 
-21.00 
-12. 96 
-4.34 

•16.92 
•14.21 
-a. 09 
3.64 
12.39 

-24,21 

-19.10 

-9.93 

3.32 

12.73 

-31.96 
-23.91 
-22.95 
-12. 8u 
•4.78 

-32.12 
-28.28 
-22.66 
-12. Cl 
-I.  .64 

•19.47 

-15.27 

•9.94 

3.46 

12.03 

-2  4.69 
-2C.19 
-12.10 
3.36 
12.21 

-32.65 
-30.36 
•24. 94 
-13.  20 
• 5 • 1 8 

-32.02 
-29  . >5 
-24,69 
-12.88 
-4.99 

-19.07 

-17.56 

•ii.  ‘♦0 

2.5G 

12.22 

-23.54 

-21.12 

-13.33 

2.7C 

12.44 

-32.87 

•31.04 
•26. 26 
•14.10 
-4.81 

-32  .57 
-31.09 
-26  .15 
-13.90 
-<-.73 

-17.09 

-15.31 

-13.18 

2.13 

12.64 

-22.68 
-21.20 
— 1 V • 4 6 

2.4« 

13.23 

-30.57 

-33.67 

-27.43 

-14.84 

-4.24 

-31.00 
-30 .41 
-27.45 

-1h.28 

-3.87 

-16.24 

-15.33 

-11.46 

1.91 

13.02 

-19. 7C 
-13.96 
-13. 81 
2.29 
13.27 

-29.29 
-2rt.46 
-26.97 
•15. C6 
-^.C9 

-29.24 

-28.71 
-26.69 
-1<..74 
—3  .67 

-16.34 

-14.29 

-11.04 

2.09 

13.33 

-20.75 

-19.36 

-12,29 

2.37 

13.39 

-29.76 
-29. 17 
-25.15 
•13.85 
-4.  C2 

-30.12 

-28.06 

-25.47 

-14.31 

-3.88 

worth  pacific 


antekma 

y 

<CEG) 

162.87 
152. A6 
137.57 
125.86 


TEHPS 

(OEGI 

101.35 

105.‘>‘* 

113.76 

118.08 


ASPECT 

ANGUE 

(0£G> 

164.8 

161.8 
150.0 
151.9 


GMT 


CElt  COORDINATES 


MlMO  SEA 
SPEEO  TEMP 
<y/S»  «CEGI 

10 .0  12.6 
10.6  12.0 
11.4  11.7 

.0.8  11. '« 


(HR  MIN  SEC» 

17  12  6.6 
17  12  10.1 
17  12  13. i 
17  12  15.9 


LAT  UONC 
<Dt5»  <OEG) 

49.24  “136.15 

49.35  -137.C7 

49.52  -138.59 

49,67  -IhO.14 


S193  DATA 
A2WTH  FUG 
IDEG* 

99.2 
<39, Z 
99.0 
106.1 


162.37 

102.26 

153.23 

107.25 

138.93 

113.57 

127.14 

11?. 34 

124.23 

123.21 

164.93 

104.72 

152.83 

106.75 

14C . 37 

113.85 

128  .49 

119.64 

124.70 

122.64 

164.16 

103.31 

154.00 

109.36 

137.64 

112.64 

127.96 

120.15 

127.02 

121.89 

162 .58 

IOC.  59 

152.13 

104.33 

138.82 

115.36 

127.52 

119.66 

12-3.79 

125.29 

161.27 

100.17 

152-C7 

105.29 

136.38 

111 .69 

128  .94 

113.05 

123.78 

121.18 

161.84 

99.08 

151.27 

1 J3.79 

137. 19 

112.S5 

124.80 

117.44 

123.01 

125.02 

163.50 

ial.61 

152.63 

1 0 4 . o 5 

136.63 

113.58 

126.25 

116.76 

120.49 

120.49 

169.6 

9.0 

164.7 

9.T 

159.6 

lb  • 6 

155.6 

1 1 • 3 

122.4 

10  .6 

173.6 

7.6 

171.6 

a .5 

163.7 

9.6 

157.4 

1C  .7 

124.0 

11  .3 

-167  .5 

6.6 

-177.5 

7.3 

169.6 

B.5 

161.4 

9.0 

123.3 

IC.7 

-157.6 

6.5 

- 166 . 5 

6.7 

-179.5 

7.4 

167  .3 

a. 6 

129.3 

9.6 

— 149.7 

6.5 

- 155 . 6 

6.5 

-157.7 

6.7 

177.4 

7 .4 

142.0 

e.6 

-142.7 

6.6 

-147.7 

6.5 

-156.8 

6.5 

-173.8 

6.3 

145.8 

7.5 

-139.8 

7.1 

-141  .0 

6.7 

-145.8 

6.5 

-1 53.5 

6.5 

155.7 

6,3 

13.4  17  12  21.4 

13.0  17  12  24.9 

12.0  17  12  28.2 

11.7  17  12  30.9 

11.4  17  12  33.1 

lU.C  17  12  36.7 

13.8  17  12  4U.2 

13.5  17  12  43.4 

12.0  17  12  46.2 

11.7  17  12  A6.4 

14.2  17  12  51.9 

14.1  17  12  55.4 

13.8  17  12  58.7 

13.0  17  13  1.4 

12. C  17  13  3.6 

14.2  17  13  7.2 

14.2  17  13  10.7 

14.1  17  13  13.9 

13.3  17  13  16.7 

13.  C 17  13  18.9 


17 

13 

22.4 

17 

13 

25.9 

14,2 

17 

13 

29.2 

14.1 

17 

13 

31.9 

13.6 

17 

13 

34.1 

13.7 

17 

13 

37.7 

14.1 

17 

13 

41.2 

14.2 

17 

13 

44  • 4 

14.2 

17 

13 

47.2 

14,1 

17 

13 

49  .J* 

12.5 

17 

13 

52.9 

13.  C 

17 

13 

56.4 

11. . t 

17 

13 

59.7 

14.2 

17 

14 

2.4 

14.2 

l7  l4  4*6 
69/05/75 

49.05  -134.79 

49.17  -135.73 

49.35  -137.19 

49.52  -138.73 

49.56  -140.18 


109.4 
1G0.3 

130.4 
1C1.2 
129.6 


48.84 

-133.40 

101.4 

4 8,97 

-134.32 

101.4 

49.17 

-135.79 

lCi.3 

49*35 

-137.31 

102.6 

49.51 

-138.76 

133.3 

43.57 

-131.83 

102.5 

48,75 

-132.94 

102.5 

49.97 

-134.39 

102-4 

49.17 

-135.91 

103.6 

49.34 

- 137.  3-. 

136.2 

48.35 

-130.65 

1C3.6 

4 5.51 

-131.57 

1'03.5 

45  .74 

-133. Cl 

103.5 

48.97 

-134.53 

1C4.7 

49.16 

-133.93 

135.7 

40.0  6 

-129. 3C 

104.7 

40.25 

-130.21 

104,6 

48 

-131.62 

1C  4, 7 

46.75 

-133.12 

1C5  .6 

43.96 

-134.54 

130.0 

47.79 

-127.93 

105.7 

47.98 

-123.83 

105.7 

48.25 

-130.28 

105.0 

43.51 

-131.75 

136^0 

40,74 

-133.15 

137.2 

47.49 

-126-66 

1Q6.8 

47.68 

-127,55 

1G6.0 

47.97 

-128-94 

106. S 

40,25 

-133.4.3 

107.5 

48*49 

-131.78 

139.3 

OOY  216-2 


8/  i»/T3 


ITnC,  f^ORTH  PACIFIC 


SCAN 

XV  CIO 

SC 

attering 

COEFFICIEMTS 

AMT  EMMA 

nukb 

ANGLE 

vv 

HH 

VH 

HV 

V 

OEG) 

lOS) 

tC6> 

COB) 

(oe» 

(0EG» 

9.1 

5Q  .9 

-ir.i5 

-19.15 

-29.52 

-29 *16 

165.28 

9.2 

LL.3 

-14.2  8 

-17.07 

-26.87 

-2b. 32 

152.85 

9.3 

32.6 

-10.03 

-11.94 

-25.37 

-24.60 

136.52 

9»  4 

17.6 

1.97 

2.67 

-13.65 

-14.19 

122.52 

9:.  5 

1.6 

13.  C 6 

12.17 

-4 , 32 

-3.81 

124.10 

10  ^ 1 

50,9 

-33.11 

-25. 65 

-30.18 

-33.99 

180  .00 

12^2 

44.3 

-18,56 

-19.56 

-3C.12 

-2^.21 

153.41 

10.3 

32.6 

-10.40 

- 11.55 

-23.69 

-23.96 

136  .56 

13,4 

17.6 

2.59 

2.95 

-14.  4 C 

-13.73 

124.32 

1-  .5 

I-’' 

12.36 

i3.26 

-4.33 

-3.9b 

121.56 

11.1 

5 C • 9 

-11.00 

-ii-UQ 

-17. 1C 

-17. D1 

261.92 

11.2 

H , 3 

-9.21 

-3.68 

-15.26 

-15.41 

248.62 

i 1 • 4 

11*3 

11. 

11.5 


JSC  ^ 2/9/75  S.  TRUTH  - 6/  1/75 


TEMPS 

ASPECT 

KINO 

SEA 

GMT 

CeiL  COOaOtMATES 

H 

ANCLE 

SPEED 

TEMP 

LAT 

LONG 

rCEG) 

(DEG) 

t M/S) 

(DEG) 

(HR 

MIN 

SEC) 

(DEG) 

OEG) 

102.61 

-136.7 

7.5 

11. c 

17 

14 

8.2 

47.18 

-125.37 

107.25 

-138.8 

7.2 

ii.5 

17 

14 

11.7 

47.38 

-12$. 25 

108.62 

-143.9 

6.7 

13.0 

17 

14 

14.9 

47.63 

-127.62 

115.63 

-152,  C 

6.5 

14.1 

17 

14 

17.7 

47.97 

-129. CS 

121.49 

165,1 

6,5 

14.2 

17 

14 

19.9 

48.24 

-130.  *13 

109.76 

-136.8 

8.0 

11.0 

17 

14 

23.4 

46.84 

-12A.09 

106.65 

-137.8 

7.6 

11. 0 

17 

14 

26.9 

47  • U 5 

-126.96 

112.26 

-139.9 

7.2 

11.5 

17 

14 

5C.2 

47.37 

-126.31 

116.93 

-146.1 

6.7 

13. C 

17 

14 

32.9 

47.68 

-127.74 

113.3b 

171.7 

6.5 

14.1 

17 

14 

35.1 

47.96 

-129.09 

263 .7  it 

-136.8 

8-3 

17 

14 

38.7 

46.49 

-122.82 

233.02 

-137  .8 

8.2 

17 

14 

42.2 

46.71 

-123.67 

LAST  MOD  ••  S/ 28/75  THIS  LISTING  -•  C9/C5/75 


$191  DATA 
AZIWTH  flag 
COEGI 

ior.7 

107.8 

107 .9 

109.0 

11.2.9 

138.8  Z 

1C8.8 

ioe.9 

110.1 

1V5.3 

1Q9.8  1 

109.3  1 i 

i 

.1 

I 


REPRODUCmiUTY  OF  THF 
PAGE  E'  P‘XiR 


00 V 220-1 


9/  8/? 5 


SCAN 

IN  CIO 

SCATTERING 

NUM3 

ANGLE 

wv 

HH 

(OEG) . 

1091 

<C3> 

1.1- 

48.7 

1.2 

41.2 

1.3 

3C.1 

1.4 

15.6 

1.5 

2 • 1 

4 8,6 

•18.72 

-23.17 

2.2 

42.3 

-14.59 

-1 8,35 

2.3 

31.6 

•10.27 

-12.01 

17.6 

-0.75 

-1.39 

2.5 

1.6 

13.01 

12.75 

3.1 

4 8 .9 

-25.40 

-25.38 

3.2 

41,2 

-17.53 

-22.07 

3.3 

30.1 

-11.76 

-13.55 

3.4 

15.6 

3.4  9 

3.G7 

1.5 

C.6 

12.92 

12.59 

4,1 

4 3 ,6 

-25.38 

-28.47 

4.2 

42^3 

-16.01 

-21.33 

4,3 

31.8 

-12.31 

-13. 4 C 

17,6 

-3,75 

-1.25 

4,5 

1.5 

15.08 

12.64 

5.1 

48.9/ 

-26.73 

-33.24 

5.2 

41^2 

-20.91 

-24.33 

5,3 

3G.2 

-14.35 

-15.72 

5.4 

15.6 

3.19 

2.96 

5.5 

0.5 

15.  6 2 

13.25 

6.1 

48.6 

-34.39 

-36.16 

6.2 

42.3 

-35. 21 

-3^.57 

6 * 3 

31.8 

-14, DC 

-15. g2 

5 • 4 

17.7 

-1.00 

-1.69 

6f5 

1.7 

13.37 

12.75 

7.1 

48.9 

-23.38 

-29.54 

7,2 

41.3 

-21.02 

-25.48 

7.3 

33.2 

-13.32 

-13.52 

15.7 

3.02 

2.nC 

7.5 

3.5 

13.68 

13.49 

3.1 

43^5 

-30.14 

-22.04 

8,2 

42.2 

-37*89 

-39.67 

8»3 

31.9 

-2C.97 

-22.36 

3.4 

17-7 

-1.62 

-2.29 

8.5 

1.6 

13.44 

15.  3 C 

CTne-J./R*  NOSiTH  PACIFIC 


COEFFICIENTS 

antenna 

VH  HV 

V 

<031  <CG) 

(DEG) 

159. rs 
153.51 
133. J2 
123, eo 

-29.69 

-3C .93 

162.18 

-28.04 

-26.31 

152. 2 C 

-23*67 

-2»».22 

l4i.4G 

-16. IC 

-16.74 

135.14 

-3.72 

- 4 . • 4 

122.46 

-35.47 

-36.32 

166.93 

-32. 14 

-32.19 

152.42 

-26.70 

-26.85 

134 

-12. 9C 

-13.35 

126.12 

Cl 

— .60 

127.20 

-36.6C 

-35  .89 

160.39 

-31. 16 

-31 .60 

152.54 

-26.  T 9 

-27.29 

139.82 

-15.94 

-16,28 

134.12 

-3.86 

-4.69 

130.03 

-36.58 

-37.11 

158.77 

-54.04 

-35.14 

149.96 

-30.42 

-33. 

1 35  .74 

-15.25 

-12,99 

125.12 

-3,41 

-3.93 

119.57 

-35.  13 

-55.*i0 

16C .58 

-35.95 

-4C.:2 

149. 33 

-29.76 

-29.43 

136.65 

-15.51 

-16.74 

126.36 

-T.93 

-4.57 

123.21 

-55,46 

-34.13 

156. 66 

-33. 30 

-it. 30 

145. -^0 

-27.69 

-28  .04 

134.56 

-13. 44 

-12. 35 

123.86 

-3.29 

- 3 . 79 

121.01 

-36.15 

-35. 89 

159.16 

-37,42 

-4C.o3 

150 . la 

-34.76 

-37.26 

134.92 

-16. C 2 

-17.44 

126. 66 

-3.4.1 

-3.93 

120.55 

TcrtPS 

ASPECT 

KiNO 

SEA 

H 

ANGLE 

SPEED 

TEMP 

(OEG) 

tOEGJ 

tM/S)  <OEG) 

101*52 

-141.1 

5.4 

7.4 

113.77 

-135.2 

6.5 

7,9 

112.63 

-129.4 

7 .6 

9 • C 

118.28 

-123.3 

8.4 

1C  . 5 

1 j Q * 3 7 
106.87 

109.0 

94.6 

4,7 

5.4 

13*5 

13.0 

118,29 

80  .5 

6.7 

12.3 

129.81} 

71.4 

7.5 

U . 6 

122.-3 

7i),2 

a.c 

11.2 

113.75 

-l«*1.2 

6.1 

7.4 

113.17 

-135.5 

6.9 

8.0 

113.85 

-13G.8 

7.6 

9.0 

123 . 34 

-124.  C 

ft  tO 

1C  .1 

126.04 

73.9 

7 .7 

11  a J 

99.11 

114.7 

3 .b 

13.5 

107.67 

96  . 

4.2 

12 .9 

114.39 

ei.2 

5.4 

12.2 

129.32 

73.8 

6,6 

11. 7 

121.04 

63.6 

7.4 

11. c 

lb  a ,6  2 

-14D  ,5 

6.7 

8.0 

106.26 

- 1 ’ P . 9 

7.3 

8*5 

112.75 

-131,0 

r.b 

9.5 

119.87 

-122.3 

7 .6 

IC.f’ 

121.01 

81,2 

7.3 

ll.fi 

9o.27 

l'^b.4 

2.5 

13. ^ 

ICI  .45 

31,0 

3.2 

12.*; 

111.32 

73.7 

4.5 

1?.: 

1 19 .54 

72.3 

6.0 

11. : 

123.18 

-0,7 

7.3 

10 . ; 

97  .96 

-133.9 

7.0 

ft.: 

1C-.23 

7,3 

9.: 

1 14 ,6  9 

— 1?4  • 4 

7,7 

9.i 

117.58 

-114  ..0 

8.4 

1C.’ 

121, M 

9 , 2 

7.7 

IL  . 

95.89 

^9.4 

1 .8 

l3  . 

101.81 

71.8 

2.6 

I3f 

ICO. 72 

67.3 

4 , 0 

12. 

117 .13 

68 .3 

5.9 

11. 

120.54 

71.7 

7.8 

it  • 

GHT  CEtL  COOROINATSS 


KIN 

SECI 

LAT 

nEG» 

LONG 

{QcGI 

15 

51 

24.5 

5 5*81 

-165.52 

15 

51 

28.  C 

52.95 

-164.98 

15 

51 

51.1 

51.93 

— 1 64 • 46 

15 

51 

33.8 

50.66 

-163.99 

15 

51 

39.3 

45.31 

-162.58 

15 

51 

42.8 

46.59 

-16  2. 38 

15 

51 

46.0 

47.63 

-162.26 

15 

51 

48.8 

43*75 

-152.19 

15 

51 

51.0 

49.84 

-162.14 

15 

51 

54.5 

54.07 

-16  2.43 

15 

51 

58.0 

53.19 

-161.93 

15 

5 2 

1.3 

52.15 

-161.46 

15 

52 

4.0 

51.07 

-161.06 

15 

52 

•t..2 

53  .CO 

-16C.71 

1 5 

52 

9.8 

45 .96 

-159.50 

15 

52 

~T  Tt 
J.  v . -i 

46.75 

-159.68 

15 

52 

16*5 

4-. 79 

-159.50 

15 

52 

19.3 

48.91 

-159.35 

15 

52 

21.5 

50.00 

- 159 • 25 

15 

52 

25 . 0 

54.24 

-159.24 

15 

52 

2e  .5 

53.33 

-15  8.61 

1 5 

52 

31.3 

52.29 

-158.42 

15 

52 

34,5 

51.20 

-158.48 

15 

52 

36.7 

50.13 

-157. 8J 

15 

52 

49.3 

46 .0  3 

-157.23 

15 

52 

43.8 

46.35 

-156.96 

15 

52 

47 . 0 

47 . 39 

-155.71 

IS 

52 

49.8 

49. GO 

-156.51 

15 

52 

52.0 

53. C8 

-156. 3-* 

15 

5 2 

55.5 

5h.32 

— 156. C4 

15 

32 

59.0 

53.41 

-155.68 

15 

53 

2.3 

52.35 

— 155 • 35 

15 

53 

S .0 

51.25 

-155.09 

15 

53 

7.2 

53.17 

-154.08 

15 

53 

lu  . 8 

4o.l2 

-154.54 

15 

5 3 

!*•.  3 

46.83 

-154.23 

15 

53 

17.5 

47.89 

-lp3.53 

15 

53 

?e.  3 

49. CC 

- 153 • 66 

15 

5 3 

22.5 

5y.S9 

- 153.43 

S193  data 
*ZIHtH  FLAG 
CO£C» 

3 53.t 

353.2 
353.<» 

353.3 


173.0 
173. *» 

173.5 

173.6 

166.8 

355.2 

355.5 

355.8 

356.0 
16W.1 

175« 
175. 
175. 
176  • 
171. V 

*557.5 

357.9 
358. u 

357.8 

161. 5 

177.6 

175.3 

175.3 

178.7 
176  . 3 

359.9 

0.1 

c.«. 

360. 3 

161.8 

179.6 

18-:  .2 

183.7 
18C.7 

178.3 


M €»  <.«« 


OOY  220-t 


a/  8/T3 


CTNC-L/r.j  -JOItH  PACIFIC 


SCAN 

INC  10 

SCATTERING 

coefficients 

antenna  te HPS 

ASPECT 

HI  HD 

SEA 

GMT 

CELL  COOROINATcS 

S193 

DATA 

NUHB 

ANCLE 

VV 

HH 

VH 

HV 

y 

H 

ANCLC 

SPE  SO 

TEHP 

LAT 

LONG 

A7If1TH 

rcAG 

1D£S) 

(OB) 

(CB) 

,I0Q) 

(OB) 

(OEG) 

(C£G) 

fOEG) 

(H/sS> 

(OEG) 

(HR 

NIN  SEC) 

CDHG) 

OEG) 

COEGI- 

9.i 

4e.9 

^22,36 

-28.^5 

-34  ,59 

-34,13 

157.85 

9 9.17 

••193,3 

3.5 

9,3 

15 

53 

26,0 

54.32 

-152.83 

2.3 

9 *Z 

41,3 

-18.55 

-22.44 

-31.65 

-32,75 

147*81 

iC7.l5 

-U2,6 

7.7 

9.4 

• 1$ 

5 3 

23,5 

53.39 

-152,  53 

2,6 

9,3 

3C.2 

-12.20 

-13,65 

-26.05 

-27,17 

1 33 , 55 

114.22 

-U2.7 

7.7 

9,6 

15 

53 

32,8 

52,33 

-152,27 

2,7 

9, .A 

15.7 

3.  14 

2.4  2 

-13.63 

•14, w4 

126,07 

123.43 

•100,7 

9.6 

9.9 

15 

53 

35.5 

51,21 

-152,10 

2,7 

9.5 

0.6 

13.  55 

13.36 

-3.47 

-3.80 

125.48 

127.46 

b«,3 

8.3 

IU.5 

15 

53 

37.7 

50.12 

-151.96 

181,2 

13.1 

i*3.5 

-26.76 

-31.4C 

-36*61 

-35.90 

161.88 

133.64 

44.7 

2.1 

13.5 

15 

53 

41,3 

46.0  9 

-151. 35 

182,3 

lD.2 

«,2.2 

-31.91 

-31.63 

-37,43 

-37.63 

153,90 

lC3,ti4 

4 9,3 

2.0 

13.0 

15 

53 

44.8 

45.83 

-15 1,51 

132.7 

1C. 3 

31, a 

-20  .4  8 

-2c.56 

-35.84 

•33. 9C 

145.16 

120.09 

52,8 

3,9 

12.1 

15 

53 

48,0 

47.24 

-151.15 

183,2 

13.^ 

1 r . 6 

-3.10 

-3.64 

-18.18 

-18.62 

129,73 

122.87 

57.8 

5.6 

11.1 

15 

53 

53.8 

4 3.93 

-150.82 

183.2 

1 C • 5 ^ 

1.5 

13.44 

13. u3 

-3.29 

-4.15 

124.57 

126. 6C 

67,0 

7.7 

U .6 

15 

5 3 

53. C 

50  ,01 

-150.51 

181,4 

U.l 

4 9.0 

- 2 C . 6 0 

-25.67 

-32.17 

•31.20 

159. C3 

103,36 

-U2.6 

7.5 

0.8 

15 

53 

56.5 

54,22 

-149,63 

4.6 

11,2 

41,3 

-22.36 

-25.7C 

-34.91 

-35.02 

146.08 

104.92 

-112.8 

7.1 

9,8 

15 

54 

C.O 

53,28 

-149,43 

4*8 

n « ’Tt 

30,2 

^15.05 

-14.55 

-29 • 22 

-29,78 

136.08 

116.27 

-U5.2 

6,6 

12  ,r 

15 

*54 

3.3 

52.21 

-149.22 

5.2 

1 1 ,4 

1 ^ i 

2.70 

2,13 

-13.03 

-13.57 

13C.25 

123. 95 

-U5.0 

7,7 

IJ  ,5 

15 

54 

6 ♦ C 

51.10 

-14  9,11 

5.0 

11.5 

- .4 

13.67 

13.G1 

-3,  to 

-3.73 

127.11 

124.50 

74*.  3 

7.3 

10  .8 

15 

54 

8,2 

5C  .01 

- i-,9.  05 

172.7 

12,1 

45.5 

^30.73 

-23. C 5 

-35.15 

•35.90 

16C .65 

97.85 

40 . 4 

2.6 

14,3 

15 

54 

11.8 

45  *96 

-149*19 

184,6 

12*2 

42.2 

-35,23 

-3‘*.88 

-39-67 

-36.10 

148.36 

9 3 . 5 si 

^S.Q 

2,0 

13,5 

15 

54 

15.3 

46,71 

-1-43.79 

185. D 

12,3, 

31,5 

-28.07 

-28.46 

-43.89 

-43,89 

135. C5 

11. .43 

50.0 

3,8 

13.  C 

15 

5 

18,5 

4T.ro 

-143,38 

185.0 

•2 

12 

1^,5 

•3,31 

-2*95 

-18,63 

-19.10 

122.63 

115.82 

54  • 6 

4,9 

12,0 

15 

54 

21.3 

43.79 

- 147,95 

165,4 

12.5 

1,6 

13.96 

13.75 

-3.0b 

-3,80 

120.72 

121.74 

60.2 

6.4 

11.  c- 

15 

54 

23,5 

43.85 

-147.61 

164.8 

1 3 »'  1 

48,9 

-19.32 

—2  4 • 8l 

-32.01 

•31 *91 

159.86 

ICO. 67 

-120. a 

7.4 

1C.  5 

IS 

5 4 

27.  C 

54,02 

-146,43 

6,8 

13*2 

41.3 

—20.36 

-24,24 

-33,95 

-32.14 

1 45 .43 

105.81 

-119,0 

7.1 

11.  c 

15 

54 

3C.5 

53.:  9 

-1**6.29 

7,0 

13.3 

3C.2 

-14.0  3 

-13.90 

-23. 5C 

-29.22 

136.77 

113.32 

•110.1 

6.6 

11. 1 

15 

54 

33 , 8 

52.02 

-146.19 

7.1 

13.4 

15,5 

2.34 

1.9  r 

-14.27 

•12.76 

123.58 

117. 56 

-120.3 

6.2 

11  • 5 

15 

54 

36.5 

50.91 

-146,16 

7.3 

13.5 

O.L 

14,38 

14.10 

-2.5P 

-3.00 

121 . 63 

121.04 

51.9 

5.6 

11.  ft 

15 

54 

38.7 

49.82 

-1‘*6.16 

189,1 

JSC  • 

2/  9/75 

s 

. TRUTH  - 

6/  1/75 

LAST  HOO 

- 8/28/75 

this  listing  - 

09/15/75 

A 15 


REPRODUCIBILITY  OF  TE 
PRiaiNAI^  PAGE  IS  POOR 


oov  220“2» 


tf  8/73 


ITNC.  NOt?TH  PACIFIC 


SCAM 

INCIO 

SCATTCRIKG 

COEFFICIENTS 

antf:nna 

temps 

MUM  3 

ANGtE 

vv 

HH 

VM 

HV 

V 

M 

<cs:g) 

COD) 

(CO) 

(03) 

(D6) 

tOEG) 

C05G) 

1-1 

4 9.6 

156.44 

94.06 

1 • 7. 

43.1 

145.23 

97. C4 

1. « 3 

31.6 

131.44 

106.49 

1 i»  4 

16.5 

120 .11 

112.27 

1.5 

1 

49.7 

-23.35 

-26.79 

-35.44 

-35.79 

156.21 

97,44 

2.;? 

43.2 

^21.27 

-23.41 

-33. 50 

-33.56 

148.29 

102.63 

2.3 

31.5 

-15.61 

-15.61 

-31.18 

-30,50 

133.54 

103,03 

2 . M 

16 . 5 

-1.53 

-0,68 

-16.35 

-16.52 

12C.Q6 

111.54 

2.5 

9 .9 

17.79 

17,56 

2,77 

3.53 

119.33 

118,35 

3.1 

4 9.7 

-24.46 

-2g.oi 

-33,42 

159.99 

97.57 

3 • 2 

43  • 2 

-19.65 

-22.27 

-31.82 

-31.10 

150,74 

104.55 

3*3 

31.5 

-13.66 

-14.32 

-26.15 

-28,54 

134,12 

113.20 

3 • 

16.5 

1.16 

1.76 

-14,39 

-14. A3 

12«i,  35 

115. j6 

3 ♦ 5 

0.9 

14.96 

15. 1C 

-2  ,ra 

-1.66 

118,11 

118. 73 

49.6 

-37.  0 4 

-29.01 

-44  #54 

160. 33 

97.36 

^ .2 

43.1 

-22.96 

-28,16 

-39, 12 

-34.99 

148.53 

101. 8C 

. 3 

31.5 

-13.53 

-13.52 

-27.78 

-27,83 

1 36.  C4 

114.16 

16*5 

1.69 

2.C5 

-14, e 5 

-14,42 

124 , 50 

116.15 

£*i,5 

a .9 

13.42 

13.68 

-3.77 

^3.11 

118.94 

119.42 

S.i 

4 9.7  ' 

-27.52 

-23.55 

-37,92 

-33,45 

159.37 

95,84 

5.2 

43.2 

-31.57 

-29.81 

-38.  93 

-39.44 

149 .23 

1C1.51 

5.3 

31.6 

-16.97 

-21.41 

- 35.  C 6 

-31.57 

1 3 3 77 

111,36 

5 • ♦ 

16,5 

1.7a 

2.23 

-14,73 

-1^.32 

123,59 

119.41 

5,5 

3-9 

13*26 

13.18 

-4,  32 

-3.64 

120.47 

121,5c 

6.1 

4^.7 

-25 . 65 

-27.93 

-3t  .14 

159.64 

97  ,53 

6.2 

43.2 

-22.96 

-22,24 

-32.34 

-31,87 

148,76 

101,43 

6.3 

31.5 

-30.27 

-29.19 

-39.24 

-39.50 

13v.6c 

110 .64 

S *u 

16.5 

0.05 

-e.49 

-16. 23 

-15,23 

123.65 

117.37 

6.5 

0 .a 

12.68 

13.11 

-3.97 

121,95 

123.56 

7.1 

49.7 

-24.21 

-30.31 

-37.98 

- 37  • 62 

lt>2 ,87 

97,76 

7.2 

43.2 

-23.07 

-26.31 

-34.07 

-37,27 

149.94 

122.16 

7,3 

71.5 

-15.93 

-16,21 

-31.73 

— 2 9 .42 

134,51 

IXu  .49 

T.i 

1 6 .5 

-13,25 

-15.09 

-2  9.71 

-27,'^5 

122.68 

11> . 88 

7 .5 

: .s 

14.45 

14.82 

-2.C9 

-2.22 

119. 2C 

121.83 

5.1 

«9.7 

*19. 31 

-25. *49 

-33,46 

-33.47 

159.30 

93,24 

? .2 

-20.79 

-2*,. 86 

-36, CO 

-36*15 

15U.25 

102,40 

.?.3 

71.6 

-14.52 

-15.13 

-30.  21 

-3C  *>i9 

134,42 

109.08 

16.5 

1.13 

i.ua 

- 15 , 9 6 

-15.50 

122.45 

1 1 7 , 1 if 

w • a 

17.78 

17,55 

3,16 

3,4  6 

121. 90 

121.43 

ASPECT 

WIND 

SEA 

GMT 

CELL  zoo^oxuxrts 

S193 

DATA 

ANGLE 

speed 

♦c-Mp 

LAT 

LONS 

azimth 

PL  AC 

{?EG) 

(M/S) 

(OEG) 

(HR 

MIN  SEG) 

to  EG  ) 

(DEG) 

(DEC) 

-121.4 

5.3 

14.1 

15 

54 

54,2 

48  .aa 

•133,36 

1G1.4 

-130.5 

4.3 

13.9 

15 

54 

57,7 

49,0c 

-139.25 

101,5 

-157.4 

3.3 

13.7 

15 

55 

0.8 

49,20 

-140,66 

101,4 

1^8,7 

3.3 

13,4 

15 

55 

3.5 

49.39 

-142,16 

102.3 

-114,5 

7.2 

14 .4 

15 

55 

9,0 

48.66 

-137,02 

102,5 

- 119.6 

5.9 

14,  3 

15 

55 

12.5 

43,79 

-137.89 

102.6 

-131.6 

4.2 

13,9 

15 

55 

15.7 

49.ni 

-139.30 

102,6 

-162.9 

3.2 

13.7 

15 

5 5 

16,5 

49.22 

-140.7a 

103,9 

92,9 

3.4 

13.4 

15 

55 

2C  . 7 

43,39 

-14  2.22 

177,1 

-2 

-113,6 

7,6 

14.8 

15 

55 

24,0 

48,41 

-135*66 

103,6 

-113.6 

7,9 

14.6 

15 

55 

27,7 

43,56 

-136*52 

103,5 

-123.6 

5.9 

l4,3 

15 

55 

31,9 

43,79 

-137.92 

103,6 

- 1 50'* . 3 

4.2 

13.9 

U 

55 

33.7 

49. Cl 

-139.38 

105.0 

121,7 

3.2 

13.7 

15 

55 

35.9 

49,21 

-14J. 80 

179,3 

-115.8 

6 ,8 

15.2 

15 

55 

39,3 

48.15 

-134,33 

104,3 

-2 

-U5.7 

7.3 

14.9 

15 

55 

43,6 

48.31 

-135, id 

l£i4,7 

-2 

-114,9 

7.9 

14, C 

15 

5 5 

46.2 

49.56 

-136.54 

104,9 

-1^2.0 

V . a 

14,^ 

15 

55 

49,  G 

48.30 

-13S.CO 

105,8 

1 4 A , 1 

4.1 

13.9 

15 

55 

51.2 

49.51 

-139,41 

134,9 

-123.5 

6.4 

16.  C 

15 

55 

54,7 

47. 

-132.97 

1C5,8 

-118.7 

6 .6 

15,7 

15 

55 

5 8.2 

48  .Oa 

-133,82 

ic5,r 

-2 

-116.9 

7,3 

14.9 

1 5 

56 

1.5 

48. 3C 

-135. 17 

105.9 

-116.9 

7.9 

14,6 

15 

56 

4.2 

43  ,56 

-135,62 

106.9 

162.5 

5.7 

14.3 

15 

56 

6,4 

48.79 

-138.01 

iao.^5 

-U5.8 

t .1 

16.7 

15 

56 

9,8 

47.57 

-131,67 

106,3 

-128,9 

6,2 

16.2 

15 

5 5 

13.5 

47.75 

-132.49 

106,9 

-il9.r- 

6.6 

15.  7 

15 

56 

16*7 

43. C4 

-133.83 

106,8 

-2 

-111.7 

7.3 

14 ,9 

15 

56 

19,5 

43.31 

-135.26 

108,0 

-179.4 

7.8 

14 .6 

15 

56 

21,7 

4 8.56 

-136.64 

169.4 

-142,9 

5,9 

17.0 

15 

55 

2S.2 

47.26 

-13D.34 

107,9 

-t T8.3 

6 .0 

16.9 

15 

56 

2 8 . 7 

47 .45 

-131. la 

107,3 

- 13j,  1 

6,2 

ie*2 

15 

5 5 

32, g 

47.75 

-132,51 

1 0 3 • 1 

-123. .8 

P ,6 

15.7 

15 

56 

34 , 7 

4 3.34 

-133.92 

103,3 

-2 

172.6 

7,3 

14.9 

15 

56 

36.9 

48,31 

-135.29 

176.4 

-148,6 

5 .0 

17, a 

15 

56 

40.4 

45*93 

-129.05 

1C3.8 

- 146.8 

5.9 

16,9 

15 

56 

4a,.  0 

47,14 

-129.83 

103.3 

-14J,  C 

6 . ? 

16,9 

15 

so 

47,2 

47.44 

-131.19 

1:9. 0 

-l^J  .9 

6.2 

ie*2 

15 

S6 

SL.b 

4-', 75 

-132.55 

1C9.9 

1 1 7 . 8 

6*6 

16,7 

15 

56 

S3  * 2 

*,  8 • C ** 

-133.94 

13C,2 

-2 

j/~5 

A 16 


9/  8/73 


1TNC»  NO!?TH  PACIFIC 


OOY  220-2, 


SCAN 

NUMB 

INCIO 

ANGLE 

(DEGI 

vv 

<091 

SCATTERING 

HH 

(DO) 

COcFFICieNTS 
VH  Hv 

(Da)  (0£) 

antenna 

V 

(DEG) 

temps 

H 

CCEC) 

ASJ^ECT 

, angle 

(PEG) 

WIND 

SPEED 

<M/3) 

SEA 

TEMP 

(GEG) 

GMT 

(HP  min  SEC) 

cEu  coordinates 

L4T  LOHO 

(3EG»  (0EC» 

* S193 
AZIMTH 
COEC) 

DATA 
Ft  AC 

9.1 

9.2 

9.3 

9.5 

4 9.7 
43.3 
31.6 
15.5 
0.6 

-19.56 

-17.90 

-13.48 

1.59 

13.75 

-25.47 

-21.43 

-14.18 

2.12 

14.02 

-32.35 
-30.74 
-2B.95 
-14.C9 
-3.  24 

-33.15 
-31.50 
-29.44 
-14. >56 
-2.96 

162.23 
150.02 
135*09 
122.8  2 
121.7  0 

100.13 

1G3.67 

111.57 

116.52 

121.24 

-145,8 
-148.8 
-147. C 
-142. C 
irc.6 

5.3 
5.6 
5.9 
6.0 
b . 2 

15.4 
16.2 
16.9 
16.0 
lo  . 2 

15  56  55.7 
15  56  59.2 
15  57  2.5 
15  57  5.2 
15  57  7.^ 

46.58 

46.79 

47.12 

47.45 

47.75 

-127-78 

-128.58 

-129.89 

-131.27 

-132.63 

109.8 

109.8 

110.  C 

111. C 
163.4 

1C  .1 
19.2 
1C  .3 

lu.5 

4 9.6 
43.2 

31.5 

16.5 
0.8 

-22.19 

-17.31 

•12.05 

2.27 

13.19 

-29.12 

-21.47 

•^12.7C 

2.37 

13.67 

-51. C7 
-26. 5 C 
-14.96 
-4.  C5 

-32.93 

-31.16 

-26.39 

-13.46 

-3.35 

162. 85 
153.59 
136.67 
124.90 
122.13 

102.25 

106.28 

113.66 

118.09 

12C.C9 

-139.7 

-144.7 

-149.9 

-148,5 

152.5 

4.7 

5.G 

5.6 

5 .9 

6 . Q 

13.3 

14,0 

15  57  10.8 
15  57  14.5 
15  57  17.7 
15  57  2G,5 
15  57  22.7 

46.22 
4 6.44 
45.79 
47.13 
47.44 

-126.53 

-127.33 

-128.61 

-129.97 

-131.23 

11D.7 

110.7 

110.9 

111.5 

177.5 

11.1 

11.2 

11.3 

11.  <f 

11.5 

4 9.7 
43.0 
31.5 
1 6 . 4 
G.9 

-25.04 

-20.70 

-11.64 

2.42 

13.30 

-21.0  3 
-24.96 
-12.91 
2.60 
13.31 

-31.96 

-35.88 

-26.51 

-14.54 

-4.26 

-32.12 

-34.20 

-26.51 

-13.72 

-3.72 

163. 2C 
152.7G 
137.45 

1 c5 , r c 

121.42 

102.06 
106.85 
113.92 
118 .34 
121.98 

-130.7 
-137.7 
-145.8 
-151.7 
J 47.6 

4.3 

4.6 
5.1 

5.6 
5.9 

12.0 

12.9 

15  57  26.2 
15  57  29.7 
1$  57  33.0 
15  57  35.7 
15  57  37.9 

45.35 
46 .06 
46.44 
46.80 
47,12 

-125.33 

-126.10 

-127.35 

-128.70 

-129.99 

111.7 

111.7 
111.9 

112.7 
175.4 

1 2 . :l 
12.2 

12.3 

12.4 

i2.r> 

4 9*5 
43.1 

31.5 

16.5 
0,8 

-42.60 
-26.24 
—1 4.24 
2.21 
12.82 

«32.64 

-22.44 

-14.89 

2.41 

12-59 

-34.  36 
-3^.  13 
-29.94 
•14.44 
-4,64 

-39.46 
-35.10 
-29.70 
-13.97 
—4  » !» 5 

172.91 
152. 7C 
138  .83 

125.91 
121.18 

1C5.15 

105,23 

112.66 

119.62 

122.27 

-128.7 
-127.6 
-3  38.9 
-U7.9 
1 ^3.3 

4.3 

4.1 

4.5 

5.1 

5.6 

1!.G 

11.0 

15  57  41, u 
15  57  45. C 
15  57  40.2 
15  57  51.0 
15  57  53.2 

45.47 
45  • 7C 
46.07 
4 6.44 
45.79 

-124.C9 
-12  4.85 
-125.13 
-127.43 
-128.72 

112.7 
112.6 

112.9 

113.9 

187.7 

Z 

13.1 

13.2 
13,5 

13.4 

13.5 

4 9.6  - 
43.2 

31.5 

16.5 
C.8 

-12.18 
•9.  14 

-24.12 

1.72 

12.88 

-11. 3C 
-9.25 
-21.93 
2.21 
12.83 

-17.86 

-15.94 

-32.97 

—14-86 

-4.57 

-1ft. 43 
-15.89 
-32.49 
-13.64 
-4.27 

264.37 
258.71 
1 33 . 66 
127.76 
123.70 

256. 5C 
246.72 
113.00 
118.52 
124.71 

-129.5 

-178.7 
— 1 47  •*  7 
150-9 

3.7 
. 9 

4*1 

4,6 

5.1 

15  57  56,7 
15  58  4.2 
15  58  3.5 
15  58  6,2 
15  5S  8.4 

45.06 
45.30 
45.69 
4 6 • G 7 
46.43 

-122.88 

-123,64 

-124,87 

-126.18 

-127.44 

113.6 

113.7 

113.7 

114.7 
175.1 

1 

« 

2 

1 4 *1 
14.2 
14.5 

14.4 

14.5 

49.8 
43.1 
31.6 
16.5 
G .9 

-12.50 
-10. 3? 
-7.43 
-4,56 
13.59 

-12.18 

-9.95 

-7.04 

-5.19 

13.-51 

-17.63 
-16.03 
-14.27 
-20. 22 
-3.86 

-17.53 
-10.55 
-14.31 
-2C  .33 
-3.73 

266.83 

265.96 

259.13 

127.68 

124.68 

265.13 

264.26 

255.65 

117.69 

122.15 

-3  30.5 
-3  3J.7 
-130.  ■ 
-133.6 
5 4G*G 

3 .4 
3.0 
3.9 
4.2 
4,6 

15  58  12.C 
15  58  15.5 
19  58  16.7 
15  58  21.5 
15  56  23. 7 

44,63 

4*4.89 

45.29 

45.69 

46.36 

-121.63 
-122.46 
-123.66 
-124.95 
-126. 20 

114.5 
114.7 
114.7 

115.6 
138.0 

1 

1 

1 

1 

15.1 

15.2 

15.3 

15 .4 

15.5 

49.5 
4 3-1 
31.4 

-1 6 .4 

3.9 

-12.72 

-11.34 

-8.51 

-6.41 

15.71 

-12.12 
-11*06 
-8.1 4 

-e.  38 
17. la 

-18.75 

-18.34 

-14.54 

-14.28 

0.64 

-ie.76 

-17.38 

-14.77 

-13.74 

1.02 

268.80 
269.38 
2 66 .14 
256.18 
123.98 

262.51 
266.67 
265.42 
250 .65 
122.50 

-J29.4 

-131.4 

-131.7 

-112*a 

149.5 

2.? 
3.2 
3,6 
3.9 
4 .2 

15  58  27.2 
15  56  3C.T 
15  58  34.U 
15  58  36.7 
15  58  38c9 

44,21 

44.47 

44.88 

45.33 

45,63 

-120.54 
-121.29 
-122.48 
-12  3.75 
-124.98 

115.4 

115.4 
115.7 
116. B 

195.5 

1 

1 

1 

1 

1 

JSC  • 

2/  9/75 

s. 

TRUTH  - 

6/  1/75 

LAST  HOO  - 

ft/28/75 

THIS 

LISTIHG  - C9/C5/75 

A (7 


DOr  220-3, 


SCAM 

INCID 

scattering 

NliMa 

angee 

VV  HH 

<DEG> 

(08) 

1.1 

4 9.7 

1.2 

43.2 

1.3 

31.5 

1.4 

16.3 

1 • 5 

2.  1 

49.7 

-10.55 

2.2 

43.1 

-10.47 

2-3 

31.4 

-9.32 

2.4 

16.5 

-7.99 

2.5 

0.8 

2.50 

3.1 

49.5 

-16.65 

3.2 

42.9 

-8.97 

3.3 

31,4 

-9.21 

3.4 

16,5 

-8.39 

3.5 

0.9 

3.81 

4.1 

49.6 

-15.21 

4.2 

43,0 

-18.90 

4.3 

31  *4 

-7.71 

4.4 

16.5 

-7.31 

4.5 

0,8 

7.64 

5.1 

49.5 

-24.23 

5.2 

43.0 

-19.79 

5.3 

31.5 

-14.80 

5.4 

16.5 

-6.60 

5.5 

0.9 

11.39 

6.1 

49.6 

-23.15 

6.2 

43*0 

-23. D 6 

6.3 

31.4 

-13.55 

6.4 

16.4 

1.44 

6.5 

l.G 

2.32 

7.1 

4 9 .6 

-24.19 

7.2 

43. C 

-21.39 

7.3 

31.4 

-14.13 

7.4 

1 6 • 4 

1.69 

7.5 

O.T 

13.66 

8. 1 

49.7 

-22.03 

e.2 

43.3 

-21.36 

8.3 

31.4 

-14.42 

8.4 

16*5 

1.68 

6*5 

0 .3 

13.78 

8/  8/73  I7NC,  OULF  OF 

COEFFICIENTS  ANTENNA 

VH  V 

O0>  <08)  (OEG) 

260.50 

261.79 

262.06 

26C.99 


276.27 
275.65 
260  .79 
280 . 12 
262. 24 

187.47 

268.21 

272.95 
378.83 

282.69 

167.32 

170 .96 

26^ • 
270.99 

279.70 

169.72 

159.54 

157.12 

257.51 
271,14 

167.22 

157.47 

145. H4 
143.61 
265 .6? 

166.41 
156  * 25 
144 . 59 
133.21 
141. *4C 

165.51 
156i 29 
143 . 62 

131.52 
132.04 


I^^EXICO  tVSRT  POt> 

T-»1PS  ASPEOT  SEA 

'h  AHGLE  TEMP 

(OcG)  <^DEGT  (M/S) 


i,9.g 

7.6 

55.7 

8.2 

58.5 

8.4 

57.0 

8.1 

36.5 

6.5 

45.3 

7.3 

53.8 

8.2 

SJ6 , 6 

8.4 

-17,5 

8.1 

15.0 

5.2 

27.8 

f>.Q 

44.5 

7.3 

52o2 

8.2 

•»2  0*3 

8.4 

— 5.4 

5.1 

3-5 

4.9 

25.9 

5.9 

4 i . 6 

7.3 

-n.3 

8.2 

-17.8 

6.2 

-11.9 

5.5 

1,8 

5*3 

24.1 

6.C 

-29.3 

7.3 

-17.1 

7 .8 

-18.4 

6 .8 

-12.7 

5*6 

0.2 

5 .0 

-49.3 

b.O 

-15.5 

9.1 

-1 6 , 8 

8 .5 

-19.3 

6.9 

-14.6 

5.6 

-69  • 

5.1 

-17.9 

9 .7 

-16.0 

9.1 

-17.4 

8,6 

-20.7 

f .9 

-82.5 

5.7 

GMT  CEIL  COORDINATES 
LAT  tONC 
(HR  MIN  SEC)  (OEG)  lOEG) 


S1S3  DATA 
A2IKTH  FLAG 
(OEG) 


15  4 55 *C 

16  4 53  *4 

16  5 1.4 

16  5 3.9 


29.52  -96.47  132.1  I 

30.21  -95.98  132.3  1 

30*35  -97.80  132.6  1 

31.51  -93.68  134.2  1 


16  5 3 .5  29.23 

16  5 12 »1  29.63 

16  5 15.5  3C.24 

16  5 13.3  32. 89 

15  5 2o«&  31 «5i 

16  5 23.B  23.57 

16  5 27.4  23.97 

15  5 30  * 7 2 0.59 

16  5 33.6  33*24 

16  5 35.6  30.35 

16  5 39.1  27.89 

15  5 42.6  25.30 

16  5 v6c0  23.92 

16  5 29.5  7 

lb  5 51.1  3J.2C 


16 

5 

54.3 

27.22 

16 

5 

57.9 

27.62 

16 

6 

1.2 

26.25 

16 

6 

4.1 

23.91 

Id 

6 

5.4 

2 3.53 

16 

6 

9.6 

26.54 

16 

6 

13.1 

26.94 

16. 

6 

16.5 

27.57 

16 

6 

19.3 

23.24 

16 

6 

21.6 

28.86 

16 

6 

24.8 

25.85 

16 

6 

28.4 

26.25 

16 

6 

31.7 

26.89 

16 

p 

34.6 

27.55 

16 

6 

36.9 

26.20 

16 

6 

40.1 

25.15 

16 

5 

45.7 

25 .57 

16 

6 

47  . C 

26  • HI 

IG 

6 

4i.8 

25.38 

16 

6 

52.1 

27.52 

-95.79  • 

132.5 

1 

-96.29 

132.7 

1 

-97.09 

133.2 

1 

-97.92 

134.4 

1 

-98.73 

208.5 

1 

-95. C 5 

133. C 

-95.55 

133.2 

1 

-96.31 

133.5 

-97.13 

134.3 

1 

-97^ 94 

211.3 

1 

-94.30 

133.4 

-94.79 

133.5 

-95.55 

134.1 

1 

—9  6 . 35 

135.4 

1 

-97.14 

200.3 

4 

-93.57 

133.8 

-44.04 

133.9 

-94.79 

134.2 

-95.63 

135.9 

1 

— 9 o . ^3 

2«5.3 

1 

-92.84 

134.1 

1 

-93.32 

134.4 

-94,06 

134.7 

—3  4 . 84 

135.8 

-95.62 

2C7.3 

1 

-52.12 

134.5 

-92.59 

134.8 

-93.33 

135.3 

-94.11 

136.6 

—9  4 . 86 

205.4 

-91. 4i: 

134.8 

-91.85 

135.5 

-92. 65 

135.4 

-93.37 

136.7 

-94.12 

20  3.5 

09/05/75 


oor  220-3 


8/  8/73 


ITNC*  GULK  OP  HEaICO  (VERT  POL > 


SCAN 

INC  10 

NUH3 

ANGLE 

<DEG) 

VV 

(OB) 

9*1 

49.7 

-21.11 

9.2 

43,0 

-19.01 

9.3 

31.4 

-14.08 

9.4 

16.4 

1.56 

9.5 

C.8 

14.06 

10.1 

49.6 

-21.50 

1C.  2 

4 3.1 

-19.17 

IQ.  3 

31.4 

-13.45 

10*4 

10.5 

16*5 

1.32 

SCATTERING  COEFFICIENTS 

HH  VH  HV 

toe)  ID'S)  (ces 


ANTENNA 

V 

(DEG) 

166.  >38 
155.5<. 
142.56 
131.61 
133 .43 


165.75 
1 55  • 5 8 

132, 12 


TSMPS 

H 

<CEG) 


ASPECT 

Ancle 

{D£l»! 

-21.2 
‘•20.  V 
“ir.9 
•18.9 
*•9  3.1 

-26.6 

-24. 

-2i.3 

-19.8 


WIND 

SEA 

GHT 

CEU  COOROZNATES 

S193 

SPZEO 

(N/SJ 

TEMP 

(OtG) 

(HR 

MIN  .fECJ 

CAT 
' (DEC) 

LONG 

(OEG) 

A2IMTH 

(DEC) 

7.8 

16 

6 

56  . a 

24.39 

-93.63 

t35,2 

8.4 

16 

6 

53.9 

24.67 

-91.17 

135.L 

9.1 

15 

7 

2.2 

25.52 

-91 ♦69 

135.9 

8 .6 

16 

7 

5.1 

26.20 

-92.65 

13o.9 

7,1 

16 

7 

r.3 

25*34 

-95.42 

213.1 

7.4 

16 

7 

10.6 

23 . 76 

-9Q.02 

1 3 ? ■ 6 

7 .7 

16 

T 

14.1 

24.16 

-90.47 

135.6 

6 .4 

16 

7 

17.5 

24.82 

-91.19 

136.3 

9.0 

16 

7 

2C  . 3 

25.50 

-31.94 

137.6 

JSC  - 2/16/75 


S.  TRUTH  - 6/  1/75  LAST  MOO  - 6/26/75 


THIS  LISTING  - 1)9/05/75 


DATA 

FLAG 


iI5PR0t)tJCIBIT.nY  OF  THfi 
®IGTNAJj  PAGE  IS  POOR 


DOr  220-4, 


8/  8/7  3 


CTNC-L,  GOwF  OF  hJXICO  (HOR  PC^t> 


SCAN  InCID 
•,’UH3  Af^GL£ 
tO£G5 


scattering  COEFFICXefiTS 

HH  VM  HV 

iDBi  <oe>  tee) 


ANTENNA  TEMPS  ASPECT 

V H angle 

<OEG)  tCEG>  (DEGI 


WIND  SEA  GMT  CEU  COGROINATES  S193  DATA 
SPEED  TEMP  CAT  LONG  A2IMTH  FLAG 

lM/3)  (DEGI  (HR  MIN  SEC3  ?OEG>  IDEGI  (OEGI 


48.9 

iiQ.er 

44,0 

1.1 

16 

7 

42,0 

28.11 

-88,45 

46,0 

41.3 

115,33 

51. 1 

4.1 

* 16 

7 

45.4 

27.34 

-89,05 

45,9 

30.4 

124.79 

61.2 

6.1 

16 

7 

46.5 

26.50 

-8  9 . 74 

45.5 

15.8 

124.06 

67  ,d 

7 .6 

16 

7 

51.0 

25.62 

-90.5C 

46,2 

49.0 

-32,21 

110.24 

18.  a 

3.7 

16 

7 

55.6 

27.49 

-87.33 

46.2 

41.3 

-28.78 

115,14 

48.8 

4.7 

16 

7 

59,2 

25*71 

-8 6.41 

46,2 

30.3 

-21,82 

122.42 

53.8 

f .0 

16 

8 

2.5 

25.84 

-89.10 

45.2 

15.9 

1.3  3 

12o,88 

63.6 

7.2 

16 

3 

5,4 

24  .97 

-89,84 

46.4 

0.2;  : 

13.9& 

130,52 

-fttf  , 8 

7.7 

16 

6 

7.7 

24.13 

-9G.56 

195,8 

49.0 

-17.52 

121, ’j2 

33,5 

4.2 

16 

8 

10,9 

26,77 

-87,14 

46.5 

4i,3 

-24.97 

114, h8 

44.7 

4 .9 

16 

a 

14,5 

26.cn 

-87,73 

46,3 

30.5 

-le.fie 

122.63 

6.D 

16 

8 

17,  a 

25.15 

-88.41 

46.2 

15.9 

0.68 

126.22 

5 3.8 

6.9 

16 

8 

2D.  6 

24.27 

-59.15 

h6.2 

G.3 

13.73 

12  9.  *19 

-106.6 

7.2 

16 

6 

22.9 

23*42 

-39.89 

214.6 

‘f9.D 

-25,45 

111.D6 

11.2 

4 ,4 

16 

8 

2o.  1 

26.05 

-86,46 

46,8 

41.3 

-20.79 

117.21 

40.3 

5.1 

16 

8 

29.7 

25.28 

-87.05 

46,7 

30.4 

-15.56 

121.56 

49.6 

6.0 

16 

8 

31.0 

24.4  3 

-37.73 

46,5 

15.9 

3D 

126.83 

55.4 

6.5 

16 

8 

35.9 

21.55 

-aa.47 

46.6 

1.3 

i 3«63 

129.67 

-79.6 

6,5 

16 

8 

38,2 

22.71 

-39,20 

135,6 

49.0 

-29.13 

111.68. 

27.7 

4.6 

16 

8 

4i  . 4 

25.32 

-35.78 

47.1 

^*1  .3 

-23.28 

116.16 

37.1 

5.3 

16 

8 

45.0 

24  .56 

-86.33 

46.9 

3C.4 

-18.58 

122.63 

45.0 

5.7 

16 

a 

48.3 

23.71 

—8  7, Co 

47.0 

15.9 

1.18 

127.53 

50 . 8 

6.C 

16 

a 

51.1 

22.64 

-87.79 

47.2 

0 .2 

1 A.19 

131.59 

-85.5 

5.8 

16 

a 

53.4 

22. G1 

-80.52 

189.5 

49.1 

-2  8.85 

113.15 

25.6 

4.8 

16 

8 

56.6 

24.61 

-35.11 

47.4 

41.4 

-22.79 

117.19 

12.7 

5.1 

IS 

9 

0.2 

23. 8*+ 

-85, 7u 

47.3 

30.5 

-17.13 

122.84 

4G.7 

5.4 

16 

9 

3,5 

22.99 

“8  5 .18 

47,1 

16.0 

0.0ft 

126.44 

*49. C 

.4 

16 

9 

6.4 

22.13 

-87.13 

47.0 

0 .2 

-1^21 

268.32 

•“88.7 

6 .1 

16 

9 

8.6 

21.30 

-8  7,66 

190.7 

49.1 

-30.76 

112.0 8 

22.4 

4 .9 

16 

9 

11.9 

23.88 

-84,45 

47,6 

41.4 

-23. IP 

116.54 

29.5 

4.9 

16 

9 

15.5 

23.11 

-85.05 

47.5 

S.  TRMTH  - hi  1/75 


last  moo  - f^/Zh/75 


THTS  listing  - 09/05/75 


A 20 


SCAN  IN CIO 
NUH3  ANGLE 
CDEG) 


1.1 

4Q.5 

1.2 

41.9 

1 . 3 

3C.9 

1.4 

1.5 

16.5 

2.1 

49.6 

2.2 

42.0 

2.3 

31.9 

2 . 4 

16.6 

2.5 

0.9 

3. 1 

4 9.6 

3.2 

42.1 

3.3 

31.0 

3 . > 

16.5 

3.5 

0.8 

4.1 

49.6 

4.2 

42.0 

4.3 

3lc^0 

4.4 

16.5 

4.5 

0.9 

5 .1 

49.6 

5.2 

42.1 

5*  3 

31.1 

5.4 

10.6 

5.5 

0 .9 

$.1 

49.6 

6.2 

42.1 

6.3 

31.1 

6.4 

16.6 

5.5 

3.8 

r.i 

49.6 

7-2 

42.0 

7.3 

31.1 

7.4 

16.6 

7.5 

C!.9 

8 . 1 

49.7 

3.2 

42.1 

3.3 

31.1 

3 .4 

16.6 

a. 5 

a. 9 

OOr  21.5-2, 

9/  2/73  CTNC-L.  TROPICAL  STORM 

SCATT£R2NC 

COEFPICIEHTS 

ANTtNNA 

TEMPS 

vv  hh 

VH  HV 

V 

H 

tosi  tCBJ 

{QBJ  (DB) 

(OEG) 

(DEG> 

274.35 

266.83 

274.92 

261.8  4 

263. G7 

249.69 

267.94 

266.56 

•12.72 

-9.71 

-17.13 

-20.P8 

225- 

► 18 

175.11 

-5.85 

-6.24 

-12.93 

-12.95 

269 

.73 

261.76 

-4,92 

-5.18 

-12. C7 

-12.13 

266 

.23 

261.19 

-4.11 

-3.41 

-11.35 

-11.42 

257 

.47 

255.62 

13.19 

12.42 

-4.  49 

-3.8  4 

2G4 

► 83 

257.32 

-32.53 

-33.79 

-37.2  3 

-38.89 

173 

.16 

106.04 

-21.92 

-11.87 

-21.66 

-33.04 

173 

.81 

115*61 

-15.97 

-16.90 

-29.69 

-30.44 

,147 

.35 

126.34 

-0.34 

-0.89 

-16.36 

-16.25 

153 

» 3 J 

l2o . 10 

14.16 

13.58 

-3.16 

-3.54 

130 

. 35 

131.36 

-27.29 

-25.46 

-35.34 

-36.66 

175 

.53 

ill.4q 

-28.16 

-29.56 

-36-08 

-41.92 

159 

.25 

115.36 

-17.74 

-18.02 

-5  5.2  7 

-37. Cl 

143 

.C9 

120.53 

0-84 

C.60 

-14.75 

-15.38 

133 

.39 

127.611 

13.22 

-3.94 

—4 .17 

129 

.86 

1 jX  . 3 6 

-28.91 

-37.98 

-58.88 

169 

e>  fi4 

106.85 

-24.56 

-25.63 

-33.76 

-28.53 

160 

.12 

120 .30 

-23.02 

-18.77 

-35.24 

-45 .82 

145 

.62 

118.  bfr 

0.15 

-0.11 

-15. 41 

-15.93 

132 

.72 

129. j2 

13.0  6 

12.92 

-4.11 

-4.15 

133 

.25 

131.76 

-23.93 

-28.83 

-36.26 

-34.43 

m 

.98 

108.94 

-24.48 

-28.38 

-37.94 

-31.50 

158 

.47 

113.06 

-18 .78 

-19.78 

-35.25 

-35.25 

. 143 

.21 

118.67 

-C.75 

-1.22 

-16.38 

-16.45 

131 

. 13 

125.35 

14.  C 2 

-3.05 

-3.54 

126 

.65 

129.23 

-21. 27 

-24.0  3 

-33.04 

•33.59 

173 

.11 

111.11 

-18.10 

-21.92 

-34.90 

-32 .27 

158 

.39 

113.49 

-12.93 

-14.81 

-29-£/3 

-2b  .‘♦7 

143 

. a 3 

113.96 

0.0  9 

-C.38 

-15.53 

-15.74 

132 

.32 

12  7 .5a 

13.55 

-3.45 

-3.66 

123 

.17 

128.15 

- 17 . 8 9 

-23.09 

-31. 0 9 

-29.77 

171 

.79 

1 0 9 . b 0 

-15. 12 

-17.54 

-27.88 

-29.58 

165 

. 65 

120. 20 

-12. 37 

-13.49 

-28.51 

-28 .01 

144 

.40 

123.28 

C.69 

C.26 

-15.D5 

•15.38 

131 

.35 

127.14 

12.91 

13.22 

-4.C2 

-4.09 

129 

.66 

131.70 

C.HPISTIKE  tVE^?SIOH  H3> 


ASPECT 

Wl  ND 

SEA 

GMT 

CEIL  COORDINATES 

angle 

SPEED 

TEMP 

LAT 

LONG 

(OEG> 

(M/S) 

rOEG) 

iHR 

HiK 

SEC5 

(OEG) 

(OEG) 

98.5 

1.5 

26.0  - 

17 

54 

15.7 

9.77 

-64.51 

78.3 

1.5 

28.0 

17 

5 4 

19.2 

9.36 

•63.71 

52.  G 

1.5 

28.C 

17 

54 

22.3 

a. 34 

-62.81 

9.3 

1.0 

28  . e 

17 

54 

25.0 

8.28 

-ol.89 

123.3 

2.6 

28.0 

17 

54 

30*5 

10.51 

-63.96 

116*2 

2.1 

23.  C 

17 

5 4 

34.0 

10.10 

-63.15 

qq.C 

1.0 

28.0 

17 

54 

37.2 

9.59 

-62.24 

48.6 

0.5 

28.C 

17 

54 

4r.Q 

9.03 

-61.33 

-115. C 

r.  .5 

26.0 

17 

54 

42.2 

S.46 

-60.45 

132.2 

3 .6 

28.0 

17 

54 

45.7 

11.27 

•63.43 

150.1 

3,1 

2 6.0 

17 

54 

49.2 

1C.  66 

— 62 . 58 

131.7 

2.1 

28.0 

IT 

54 

52.5 

10  .35 

-61.67 

149.0 

1 . 0 

28 .0 

17 

5 4 

55.2 

9.78 

-60.75 

163 .4 

1 .0 

28 . 0 

17 

5*4 

57.4 

9.21 

-59.87 

117  . 1 

5.1 

28.0 

17 

55 

1.0 

12.02 

-62.82 

119.C 

3.6 

28.  C 

IT 

55 

4.5 

11.61 

-61.59 

132.6 

2.6 

28.C 

17 

55 

7.7 

11.10 

—6 1.09 

161.8 

1.5 

23.0 

17 

55 

10.5 

10.54 

-6G.15 

J.43  ,u 

1.5 

23.C 

17 

55 

12.7 

9.97 

-5  9.29 

95.9 

6.2 

23. n 

17 

55 

16.2 

12*78 

-6  2.21 

91.0 

4.6 

28. C 

17 

55 

19 . 7 

12.37 

-6  1 . 41 

9 9.  e 

2-6 

28.0 

17 

55 

2 3.C 

11. S6 

-6  0.53 

i 70 . 2 

1 .5 

28*.  0 

17 

55 

25.7 

11.29 

•59.58 

1 4fc«  6 

2.1 

28.0 

17 

55 

27.9 

10.72 

-58.70 

76.1 

7.2 

28.0 

17 

55 

31.5 

13.53 

•61.65 

62.7 

5 .7 

23.0 

17 

55 

35.0 

13.11 

—60 .62 

52.5 

3.6 

26.0 

17 

55 

33.2 

12.61 

-5  9.91 

-155.7 

1-0 

23. C 

17 

55 

41.  C 

12. 4 

-58.98 

165.1 

2.5 

23.0 

17 

55 

43.2 

11.46 

-5  6#  11 

57.7 

9.3 

28  • 0 

17 

55 

46.  7 

14.29 

-61.06 

37.7 

7.7 

2 8.0 

17 

5 5 

50.2 

13.67 

-6  0 .23 

9. 3 

4.6 

28.0 

17 

55 

53.5 

13.37 

-59.32 

-93.9 

2.1 

28.0 

17 

55 

56*2 

12.79 

-5  3.39 

16  3.2 

4,6 

28.0 

17 

55 

58.4 

12.22 

—5  7.51 

51.6 

12.4 

2».0 

17 

56 

2.U 

15 .05 

-60.47 

22.8 

U.8 

28.0 

17 

56 

5.5 

14.61 

-5  9 « 54 

-22 . 5 

7.2 

28 .0 

17 

5 6 

fi.7 

14.10 

-58.73 

-107.4 

5.1 

28.0 

17 

56 

11.5 

13.53 

-57,83 

1 68.6 

7.7 

2 9 . C 

17 

56 

13.  7 

12.95 

-5  6.92 

S19J  DATA 
AZlMTrt  FLAG 
tOEGJ 


31X.5  1 

311. r  1 

312. d  1 

313.2  1 


311.2  1 

311.S  1 

312.0  1 

313.4  1 

S.O  1 

311. a 2 

311.9  1 

312.3  1 
31 3.  C 

S.6 


311 .9 

312.9 
312.4 
313.2 

3.0 


312.1 

312.0 

312.4 

313.8 

4.4 


311 .9 

312.3 
312.5 

313.7 

353.9 

312.3 

312.3 

312.7 

313.9 
9.8 


312.4 
312.2 

312.5 
313.4 

1.4 
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DOY  245-2f  9/  2/73  CTNC-tt  TROPICAL  STOP.M  CHl^I STINE  tVERSION  H3I 


SCAN 

INCIO 

scattering 

COEFPICTENTS 

ANT ENNA 

NUHB 

ANGLE 

vv 

HH 

VH 

HV 

V 

TDEG) 

<O0) 

(09) 

TOB) 

COB) 

(DEG) 

9.1 

49.6 

-17.94 

-21.37 

-26.32 

-29.46 

174.51 

9.2 

42.1 

-13.61 

-16,39 

-26. C 3 

-2o.36 

163.96 

9.3 

31.1 

-10.13 

-11.33 

-24.46 

-24.35 

149.34 

9.4 

16.6 

1.61 

1.17 

-14. 16 

-14.33 

134. 38 

9.5 

0.8 

12.79 

12.62 

-4.4  8 

-4.63 

131 .30 

10.1 

49.7 

-15.22 

-19.26 

-25.80 

-25.48 

175.11 

10.2 

42.1 

-11.27 

-13.36 

-21.19 

-21  .ns 

166.36 

1C.  3 

31.0 

-7.95 

-8.64 

-21. 08 

-21,38 

199.10 

10 .4 

16.6 

1.61 

2.60 

-l^.C 2 

-14.3C 

159.94 

10.5 

C .9 

12.25 

-4.65 

-4.73 

134.40 

11.1 

49.7 

-14.33 

-ia.55 

-25.84 

-26.11 

175,41 

11.2 

4 2.1 

-11.03 

-13,35 

-21.83 

-21.56 

16 4. 6 6 

11.3 

31.1 

-4.25 

-5,73 

-16.31 

-16.C6 

i 65 .76 

11.4 

16.6 

2.51 

u .56 

-13.46 

-13.25 

1 ft  9 • 5 o 

11.5 

0.9 

12,04 

12.01 

-5.04 

134.88 

12.1 

4 9.7 

-13.31 

-16.05 

-24.02 

-25. G3 

184,92 

12.2 

42.1 

— IG • 4 3 

-12.35 

-21.77 

-22.06 

175.41 

12.3 

31.1 

-7.06 

-6.  £5 

-16.14 

-18.92 

224.57 

12.4 

i6.6 

1.65 

1.5C 

-13.47 

-14.13 

160 .7^ 

12.5 

3 .9 

12.05 

11.65 

-4.50 

-5.03 

133.11 

1 3 . 1 

49.7  ^ 

-13.89 

-19,41 

-26.33 

-26.86 

172.82 

13.2 

42.1 

-11.37 

-11.67 

-22,76 

-23.11 

207.50 

13.3 

31.1 

-6. 4 6 

-8.63 

-2U.4C 

-20.^4 

157.47 

13.4 

16.7 

1.82 

C.8d 

-14. C3 

-14.27 

161.75 

13.5 

0 .9 

13.09 

-4.23 

-4,7G 

132.71 

14.1 

49  .7 

-15.4  7 

-22.13 

-28.89 

-28.41 

171.1b 

14,2 

42,2 

-12.21 

-14.57 

-24.51 

-25.33 

167,44 

14. 3 

31.1 

-7.64 

-9.61 

-21.97 

-22.41 

14S. 33 

1 4.  *. 

16.7 

2.05 

1.59 

-13.91 

-14.13 

138.55 

14,5 

1.0 

12.90 

13.18 

—3 .77 

-4.55 

129.21 

15.1 

4 9.8 

-16.74 

-22.43 

-29.33 

-29.16 

170.87 

15.2 

42.1 

-14.31 

-18.44 

-27.41 

-27. B9 

160 • 24 

15.3 

31.2 

-lu.12 

-11.86 

-24.55 

-24,88 

144,94 

15 . 4 

16.7 

-0.27 

0,09 

-14,19 

-14.77 

174, 2fc 

15.5 

1.0 

13.12 

12.97 

-4.27 

-4.11 

127.87 

16 .1 

4 9.8 

-17.33 

-23.68 

-n.53 

-3a. H2 

169.62 

16.2 

4?.  2 

-16.08 

-2C.56 

-29. 87 

-29,92 

158.24 

16.3 

31*2 

-11.17 

-12.15 

-26. 1C 

-25.95 

145. 1C 

16.4 

16.8 

1.5C 

1.09 

-14.36 

-1A..79 

132.67 

16.5 

i.C 

12.80 

-*♦.04 

-4,36 

127 .85 

TEfiPS 

ASPECT 

hind 

SEA 

GMT 

Cett.  CCOROIHATES 

H 

ANGLE 

SPEED 

TEMP 

LAT 

LONG 

(OEGT 

(DEG) 

(M/5> 

(OHGT 

MIN 

1 SECT 

(DEGI 

tOEGJ 

115,52 

64.6 

17.0 

28.0 

17 

56 

17,2 

15.30 

-59.8$ 

122.59 

42  .5 

14.9 

28.0 

17 

56 

20.7 

It?  ,3  6 

-59*.  04 

128.32 

-92.9 

9.3 

28.0 

17 

56 

24,1 

14.86 

-SB. 13 

130.16 

-141,1 

11.3 

28. C 

17 

56 

26.7 

14.28 

-5  7.19 

133.85 

150.3 

10,8 

28.0 

17 

56 

28.9 

13  .TO 

-5  6.31 

118*20 

86.4 

20.1 

2 ft  . 0 

17 

5 5 

32.5 

16.55 

-59.2$ 

127,4v 

134.1 

23.2 

28. G 

17 

56 

36.0 

15.14 

-58.44 

193,13 

-169.2 

2C  ,6 

28.0 

17 

56 

39.2 

15.61 

-57.52 

168.13 

-172.1 

16.5 

28, C 

17 

56 

42,0 

15.0  3 

-56.58 

131.29 

150.0 

13,9 

28.0 

17 

5 6 

44.2 

14.45 

-55.70 

113.98 

137,3 

19.0 

28.0 

17 

56 

47  « 7 

17. 3C 

-58.68 

124,29 

123.0 

22  ,1 

28  . C 

17 

56 

51,2 

16.38 

—5  7.83 

146.69 

152.7 

20  ,6 

28.  C 

17 

56 

54.5 

16.35 

-56.91 

135.69 

163.6 

17,0 

28. Q 

17 

56 

57.2 

15.77 

-55.93 

135.35 

119.6 

14,4 

26,0 

17 

56 

59.4 

15.19 

-55.C9 

127,92 

120.1 

17,0 

28.0 

17 

57 

3. 0 

13.05 

-58.07 

128.35 

131.9 

17 .5 

28.0 

17 

5 7 

fa.  5 

17.63 

-57.22 

212.49 

145,7 

17 ,5 

28.0 

17 

57 

9.S 

17 .1C 

—56*30 

lu4.19 

154c3 

15,4 

28. C 

17 

5 7 

12.5 

16.52 

-55,36 

133.60 

113.2 

13,9 

28.0 

17 

57 

14.7 

15.93 

-54.46 

111,84 

126,9 

14,4 

?6.0 

17 

57 

ie,2 

Ift.ftO 

-57.46 

145.53 

135.8 

14,9 

26.0 

17 

57 

21.7 

13.37 

—5  6.  51 

132,22 

144.5 

14,4 

28,0 

17 

57 

25.0 

17.84 

— 5 5.68 

144.31 

153, 1 

13.9 

2ft, 0 

17 

57 

27.7 

17.25 

-54.74 

132.66 

1C2.4 

12.9 

2ft  .C 

17 

57 

29.9 

16.57 

-55. 65 

109.58 

132  .8 

12.4 

28.0 

17 

57 

33.5 

19.54 

-5 6.84 

119.43 

136.5 

12.9 

28,0 

17 

57 

57,0 

19.12 

-55.99 

122.77 

145.2 

12  ,4 

28,0 

17 

5 7 

4G.2 

18.59 

-55. 36 

132-60 

148.9 

12.4 

26  ,C 

17 

57 

43.0 

17.99 

-54*12 

120.71 

10  2.1 

11.3 

28.0 

17 

57 

45.2 

17.40 

-53.23 

107,82 

136.5 

12  .8 

28  S.C 

17 

57 

46.7 

20.30 

-56.22 

115,85 

142.4 

10  .a 

28.0 

17 

57 

52.2 

19.85 

-55.35 

122.33 

146.9 

1C,  8 

23,  G 

17 

57 

55.5 

19.33 

-54.43 

163, 53 

153.2 

Ic  • 3 

28.0 

57 

58,2 

13.72 

-53.49 

125,39 

107  .2 

1C.  3 

2fi  .8 

17 

58 

13.14 

-52.59 

105.54 

140.3 

9.3 

28  . C 

17 

56 

4,U 

21.:  4 

-55  *60 

111.85 

144.2 

9.5 

26 . 3 

17 

58 

7.5 

26.63 

—54.  7-4 

12G.45 

14A  .9 

9.3 

28. C 

17 

53 

1C.  7 

2 J . u D 

-5  3.  SO 

125.86 

150.5 

9.3 

28  .r 

17 

50 

13*5 

19.46 

-52. ftp 

128*31 

130.1 

9,3 

28.0 

17 

58 

15.7 

13.07 

-51.96 

S193  DATA 
A22HTH  PLAC 
fOEOI 


312.  A 
312.5 
312.9 

314.1 
S.O 


312.0 
312.9 
313.2  h 

314.1 
S.O 


312.7 

313.0 

313.1 

314. 4 l» 

1.4 

312.9  4 

313.1 

313.3  4 

3l*r.7 

o.a 


313.1 

313.2  4 
313.5 
314.9 

6 .6 


313.2 
313.5 
313. e 
315.1 


311.5 

113.6 

314.1 

314.3  4 

359.3 

313.7 

313.3 

314.1 
315.5 

7.9 
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REPKODUCIBILrrY  OF  THF 
PAGE  Ti'  POOR 


OOY 

245-2* 

9/  Z/7Z 

CTNC-L»  TROPICAL  STORM 

CHRISTIME  1 VERSION 

H3> 

SCAN 

IHCIO 

SCATTE1?InG 

COEPPICIENTS 

ANTENNA 

TEMPS 

ASPECT 

HI. NO 

SEA 

GMT 

CELL  COOROINATES 

S193 

NUH5 

Angle 

vv 

HH 

VH 

HV 

V 

H 

ANGLE  ’ 

SPEED 

TEMP 

tAT 

tOMG 

A2IMTH 

iD£G> 

tOBI 

fOB) 

<DB) 

fuG) 

tO£G) 

(OEG) 

(OEG> 

<M/S> 

IDE  6) 

?HR 

«IN  SEC) 

(PEG> 

CDEG) 

IDEGI 

ir.t 

49.9 

-17.94 

-21.04 

-31-5  2 

-31.72 

172.20 

107.65 

143.0 

7.7 

28.0 

17 

58 

19.2 

21.79 

-54.96 

314.0 

17.2 

42.1 

-19.23 

-24.11 

-32.85 

-32.03 

156.82 

111.93 

148.0 

7.7 

20. 0 

17 

58 

22.7 

21-33 

-5  4.  09 

314.0 

17.3 

31.2 

-13.0  3 

-13.83 

-27.50 

-29.11 

140 .36 

118.86 

151.5 

7.7 

28.0 

17 

58 

26 .0 

23.79 

-53,16 

314.5 

17.  V 

lb. 7 

. 1.50 

1.23 

-14. 44 

-14.65 

133.09 

126.22 

153.3 

7.7 

28.0 

17 

5 8 

23.7 

20.19 

-5  2.21 

315.7 

17.5 

1.0 

13.24 

13.29 

-4-09 

— 4 . J 3 

124.12 

127.19 

107.1 

7.7 

28.0 

17 

58 

30.9 

19.59 

-51.31 

2-9 

I3.t 

^9.6 

^21.25 

-28.24 

-33.01 

-33.57 

169.29 

103.65 

146.9 

6.2 

2S.0 

17 

58 

34.5 

22.51 

-5  4.31 

314.1 

16.2 

42.2 

-19.23 

-23.63 

-35.75 

-33.85 

156.50 

110 .34 

153.7 

6.2 

28.0 

17 

5 8 

38.0 

22.07 

-53 • 45 

31H.3 

16.3 

31.2 

-14.0  4 

-15..  04 

-29.66 

-29*32 

140.99 

117.37 

154.2 

S.2 

28.0 

17 

58 

41.2 

21.52 

-52.51 

314.8 

16.5 

16.7 

1-33 

C.83 

-14.49 

-15.-2 

129. L7 

122.26 

155.2 

b.7 

28.0 

17 

58 

44  * 0 

20.92 

-5 1 • 56 

315.8 

19.1 

49.9 

-25.&9 

-33*35 

-40.88 

-3fc .88 

170 .15 

103.55 

150.7 

4.6 

28.  C 

17 

5 8 

49.7 

23^26 
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12.2 

40  .5 

-14.12 

-28.18 

12.3 

30*7 

-12.72 

-13.31 

—27 0 23 

12.4 

16.7 

0.93 

0.47 

-14.97 

12.5 

1.1 

12. 7 C 

12. 65 

-4.32 

13.1 

4 7.2 

-14.46 

-19.17 

-29.36 

13,2 

40  .9 

-12.35 

-15.55 

-26.94 

13,3 

3C.7 

-14.30 

-15,20 

-30.06 

13. 4 

16*7 

1.67 

1.24 

-14.12 

13  >5 

1.0 

12,67 

12.62 

-4.16 

14.1  ^ 

47.2 

-13.35 

-17.65 

-27.91 

14.2 

40*9 

-14,52 

-13*35 

-26.61 

14.3 

30.7 

-7.42 

-8  . 63 

-22,82 

14.4 

16.7 

1,14 

1.0  3 

-14,13 

14. C 

i.i 

11.64 

lll7& 

-4.95 

15.1 

47.1 

-14.17 

-19*51 

-29,12 

15.2 

41,0 

-12.30 

-13.92 

-25.43 

15.3 

30.7 

-6.81 

-7,71 

-21.66 

15*4 

16.7 

2.91 

2.57 

-13. rr 

15.5 

1.1 

11.98 

11.62 

-4.7? 

16.1 

47 .2 

-17.13 

16.2 

41.0 

-12.04 

-14,59 

-26.44 

16.3 

30.7 

-8.13 

-9.32 

-23.14 

16*4 

16.8 

2.41 

2.19 

-13.37 

1;6..  5 

1.1 

12.29 

12,09 

-4.53 

-34.26 

165,87 

108. QC 

-1.  1 

5,1 

-34.21 

156 -40 

113.97 

-10,9 

4.6 

-31.67 

142.96 

119.26 

-4  0.5 

4.1 

-17.83 

130.57 

124.22 

-50.0 

4.1 

-C.38 

128.07 

129.57 

-12.6 

4*1 

-36.59 

166.28 

108.91 

-1.1 

5*7 

-32.71 

157.41 

113.45 

-10. 8 

5.1 

-3C.07 

142.88 

120*24 

-20. 9 

4.6 

-17.27 

132.79 

^25,95 

-50.0 

4.1 

C . 33 

128.52 

129.56 

-18.6 

4 .6 

-32.63 

167.66 

109,29 

S.7 

6 ,2 

-3L  , i,4 

160.22 

118.29 

8.9 

6.2 

-26.27 

147.72 

125,06 

-11. 1 

6,2 

■ -16.54 

131.93 

125.57 

-35.9 

6 .7 

-3.09 

129,40 

13G.S9 

-a,  2 

7.2 

-27  .0  7 

8.4 

7 .2 

162, 06 

129.25 

8.6 

7.2 

-28.69 

146,97 

123.2b 

-11.0 

8.2 

-15.37 

133,67 

127,92 

-20.2 

9.3 

-4  .91 

146.01 

149.95 

-11.8 

10  .8 

-28.34 

17C,9c 

124,24 

0.2 

8.8 

-25*22 

172.14 

154,0  4 

—1.8 

1C. 3 

-30. J7 

145,97 

128.55 

-11.5 

It. a 

-14 . 6C 

1 34 . 42 

130.14 

-2G.6 

12.9 

-4.73 

135.10 

143.13 

2.0 

13.4 

- 27 .74 

169*72 

112.84 

8.1 

11.8 

-28,45 

163. la 

129,37 

8.1 

12.4 

-23.37  . 

151,58 

125.73 

-11.6 

13.4 

-14.48 

14C .05 

132.08 

-20  < 6 

13.9 

-5.^6 

13*4.0  2 

137,54 

3.6 

13.9 

-27.67 

170 ,09 

113.80 

7.8 

11.3 

-25.56 

166.20 

139.95 

-2.0 

12.4 

-21.91 

149 ,72 

125.43 

-11.7 

12,9 

-14.24 

140  .C4 

132.10 

-20.6 

13.4 

-5,28 

139.65 

133.50 

0.4 

12.9 

-17.88 

189.39 

141. €1 

-2.3 

9.3 

-26.33 

160.99 

116.50 

-12.2 

9.8 

-23.21 

148.86 

124.12 

-22. 0 

10.3 

-13.63 

137,29 

130.42 

-31.0 

11  .3 

-4.84  . 

135.57 

136,05 

-5.9 

11.8 

SEA 

CMT 

cett,  COOROI NATES 

temp 

LAt 

LONG 

rOEG) 

(HR 

MIN  SEC) 

'(OEG) 

lOEGI 

27 . 0 

18 

4 28,3 

12.64 

•66.29 

27*0 

10 

4 31.6 

13.28 

-66.67 

2T.G 

18 

4 34.8 

14,05 

-67.25 

27.0 

18 

4 37*6 

14.07 

-67.94 

27  • 0 

18 

4 39.8 

15.65 

-68.63 

27 . 0 

18 

4 43.3 

13,38 

-65.66 

27*0 

18 

4 46.8 

14.01 

-66.05 

27,0 

18 

4 50.1 

14,79 

-6  6 • 63 

27.  C 

10 

4 52.8 

15,61 

^67.32 

27 .0 

18 

4 55,0 

16.39 

-68.01 

27.0 

18 

4 58.5 

14.10 

-65.04 

27.0 

18 

5 2.1 

14,73 

-65.42 

27.0 

18 

5 5.3 

15.50 

-66.01 

27.  C 

id 

5 8 .1 

16.34 

-68.69 

27.0 

IB 

5 10.3 

17.13 

-67,39 

27  . C 

18 

5 13.2 

14.77 

-64.42 

27.0 

18 

5 17*5 

15.47 

-64.79 

27.0 

IS 

5 20.6 

16,25 

-65.38 

27.0 

18 

5 23,3 

17,07 

-66,06 

27.0 

18 

5 25,5 

17.86 

-55.76 

27.0 

18 

5 29.3 

15.54 

-63.77 

27.0 

18 

5 32.6 

16.18 

-64 , 17 

27.0 

18 

5 35.8 

16.97 

-84,74 

27.0 

10 

5 36.6 

17.79 

-65,43 

27.  c 

18 

5 4C.3 

18.59 

-56.12 

27 . 3 

18 

5 44.3 

18.26 

-63.14 

27,0 

18 

5 47  *8 

16.90 

-53.53 

27.0 

18 

5 51.1 

17.69 

-54.10 

27.  C 

18 

5 53.8 

18.52 

-64,78 

27 ,0 

18 

5 56.0 

19.32 

—6  5*48 

27,0 

18 

5 59.5 

16.97 

-62.50 . 

27.0 

18 

6 3.1 

17.61 

-62.87 

27  * 0 

18 

6 6.3 

13.41 

-63.46 

27,0 

18 

6 9.1 

19.23 

•64,13 

27.0 

18 

6 11,3 

20.  04 

-64,63 

27.0 

18 

6 14,9 

17.70 

-61,83 

27 . c 

13 

6 18.3 

18.32 

-62.21 

27.0 

Id 

6 21.5 

19.12 

-62.8CI 

27.0 

18 

6 24.3 

19.95 

•6  3 . 48 

27.0 

18 

6 26.5 

20,76 

-64.17 

S193  DATA 
AZIMTM  FtAS 
(OEG) 

131.1 

13C.9 

130.5 

130.0 

92.6 


131.1 
130.8 
13Q.9 
130.0 
98  .6 


131.3 
131.1 
1 3l  .1 
129.9 
88.2 


131.6 

131.4 

131.C 

133.2 

91.8 


1 31 . 8 

131.8 

131.5 

130.6 

aa.j 

131.9 
131.9 

131.6 

130.6 
96.4 

132.2 
132.0 

131.7 
130,6 

89.6 

132.3  .? 
132.2 

132.0 

131.0 

95.9 
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DOY 

9/  4/73 

CTNC- 

R,  NORTH 

OF  VENE 

ZUELA 

SCAN 

INCIO 

scattering 

COEFFICIENTS 

anthnna 

TEMPS 

ASPECT 

HIND 

SEA 

GKT 

CEtt  COOROINATES 

NUMD 

ANGLE 

vv 

HH 

VH 

HV 

V 

H 

angle 

SPEED 

TEMP 

LAT 

LONG 

(OEG) 

(09) 

IDS) 

(051 

(OB) 

(DEG) 

(DEG) 

(DEG) 

(H/S) 

(DEG) 

(HR 

HIN  SEC) 

(DEG) 

(DEC) 

17.1 

47.1 

-14.49 

-18.90 

-23.88 

-29.54 

170.84 

111.46 

-12.5 

7.7 

27.0 

18 

6 

30.0 

18.39 

-61.19 

17.2 

4G.9 

-13.12 

-15.37 

-27. 26 

-27.45 

153. 64 

116.26 

-12.4 

8.2 

27.0 

18 

6 

33 . 6 

19.05 

-61.56 

17.3: 

30.7 

-9.50 

-10.71 

-24. 21 

-24.49 

146.05 

123.43 

-22.3 

3.8 

27.0 

18 

6 

36.8 

19.33 

-62.13 

17-.4 

16.7 

-31.2 

9.3 

27.0 

16 

6 

39.4 

20.67 

-62.82 

17.5 

1.1 

12.73 

12.71 

-4.39 

-4  ,35 

130.41 

131.85 

1.0 

11.3 

27.  Q 

18 

6 

41.8 

21.49 

-63.51 

ifl.i 

47,1 

-13.89 

-18.81 

—28.67 

-28.35 

168. Q 8 

lia.80 

-13.0 

6.2 

27,0 

18 

6 

45.3 

19.10 

-60.53 

18.2 

4C  .9 

-12.92 

-15.56 

-26.88 

-27.08 

158.37 

114.98 

-12.3 

6.7 

27,0 

18 

6 

48.8 

19.74 

-60. 9C 

15.3 

j 0 * 7 

-9.  55 

-10.95 

-24. 36 

-25.19 

144.92 

121.19 

-22.6 

7 .7 

27.0 

10 

6 

52.1 

2 0 .54 

-61.47 

18,4 

16:7 

1.51 

1.54 

-13.97 

-14.33 

134.35 

127.46 

-31.6 

8.3 

27.0: 

18 

6 

54 . 8 

21.39 

-62.15 

18.5 

19.1 

47.1 

-15.33 

-20.39 

-30.23 

-30.05 

167.33 

109.56 

-13.1 

6.7 

27.0 

Id 

7 

0.5 

19,80 

-59.85 

X9*Z 

40.9 

-13.50 

-16.51 

-28.49 

-28.78 

157.0  6 

114.15 

-23.1 

6.2 

27,0 

18 

7 

4.1 

20.44 

-60. 23 

19. 3 

30.7 

-10.61 

-11.89 

-25.63 

-26.24 

145. 85 

121.57 

-32.8 

6.7 

27.0 

18 

7 

7,3 

21.25 

-60.79 

19.4 

19.5 

1 b • 6 

1.35 

1.3  9 

-14.40 

-14.79 

133 .1C 

125.70 

-41.3 

8 .2 

27.0 

18 

7 

10.1 

22.10 

—61.46 

20*1 

24.2 

18 

7 

14.6 

21.73 

-6 0.64 

20.2 

40.9 

-13.79 

-17.30 

-29. 23 

-29.00 

157.76 

113.37 

-43.3 

5.1 

27.0 

18 

7 

19.3 

21.15 

-59.54 

23.3 

3C.7 

-11. 64 

-12.99 

-26.98 

-26.50 

144.71 

120.06 

-43.1 

6.2 

27.0 

18 

7 

22.6 

21.95 

-6G.11 

20.4 

1 5 . 7 

1.35 

1.14 

-14.38 

-14.74 

133.39 

124.40 

-42.1 

7.7 

27.0 

13 

7 

25.3 

22.80 

-6S.79 

2 0.5 

, 1.0 

13.18 

13.11 

—3.86 

-4.0  0 

125.67 

129.22 

-3.9 

8.8 

27.0 

18 

7 

2 7.5 

23.62 

-61,49 

21.1 

47.2 

-16.75 

-21.49 

-31.6.0  :: 

-31.36 

166.76 

107 .4 8 

-53.7 

5.1 

27.0 

15 

7 

31.0 

21.19 

-58.49 

21.2 

40.9 

-15^85 

-18.13 

-30.47 

-31.29 

156.08 

mao 

-53.7 

4 ,6 

27.  C 

13 

7 

34 . 6 

21.84 

-53.86 

21.3 

30.7 

-11’.  82 

-12.27 

-26. 96 

-26  .96 

144.26 

123.07 

-53.5 

5.7 

27.0 

la 

7 

3 7.8 

22.65 

-59.43 

21.4 

16.7 

O.OB 

0.79 

-14.02 

-14.77 

150.32 

l4d.G3 

-52.3 

7.7 

27.0 

18 

7 

40.6 

23,50 

-6  0 .09 

21.5 

13.57 

13.32 

-3.5C 

-4.07 

126.28 

128 .27 

-11.1 

8.8 

27.0 

is 

7 

42.8 

24.32 

-60.79 

22^1 

47.1 

-19.04 

-23,70 

-34.62 

-33.47 

166,86 

106.58 

-54.1 

4.6 

27.0 

18 

7 

46.3 

21.39 

-57.79 

22.2 

40.9 

-13.34 

-21.12 

-32.68 

-32.26 

156.33 

1 13.99 

-54.  C 

4.6 

27.0 

18 

7 

49.8 

22.53 

-58.16 

22.3 

30.8 

-12.26 

<-13.74 

-2T. 46 

-27. 84 

144.66 

121.00 

-53.6 

5.7 

27.0 

13 

7 

5 3.1 

23.33 

-58.72 

22.4 

16.7 

0.96 

0.36 

-14.93 

-15.19 

131.42 

125.07 

-52.6 

7 .2 

27.0 

18 

7 

55.8 

24.20 

-59.39 

22.5 

1.1 

13.72 

13.54 

-3.39 

-3.65 

126.89 

ize.sr 

-12.5 

7.2 

27. Q 

13 

7 

53.0 

25.02 

-60.08 

2 3.1 

47  a 

-23.14 

-24,79 

-34. 31 

-34.15 

166.35 

107 .10 

-44.4 

4.6 

27.0 

18 

8 

1.5 

22.56 

-57.09 

23.2 

40.9 

-13.23 

-21.15 

-33.4G 

-31.60 

157.37 

113.02 

-44.3 

4,6 

27.0 

13 

a 

5.1 

23.22 

-57.45 

23.3 

30  .7 

-13.26 

-13.51 

-28.48 

-28.71 

142.03 

118.41 

-54.0 

6.2 

27 . 0 

13 

8 

8.3 

24.0  3 

-58.02 

23.4 

16.7 

0.75 

C.47 

-14.92 

-15,33 

130.0  3 

124.73 

-52.9 

6 .2 

27.0 

18 

6 

11.1 

24,89 

-5  6.69 

23.5 

la 

14.13 

13.81 

-2.8C 

-3.51 

126.39 

127 .38 

0.5 

5.1 

27.0 

18 

8 

13.3 

25.72 

-59.35 

24.1 

47.2 

-22.0  2 

-26.27 

-35.13 

-34.94 

165.80 

108.09 

-44.7 

4.5 

27.0 

18 

8 

16.8 

23.21 

-56.37 

24.2 

41.0 

-18..  0 3 

-20.79 

-33.40 

-32.24 

156. 86 

113.99 

-4  4.6 

6.2 

27,0 

13 

8 

20.3 

23.89 

-55.74 

2^.3 

3C.7 

-14.14 

-15.00 

-29.34 

-30.52 

144.45 

113.71 

-54.5 

6.2 

27.0 

13 

8 

23.6 

24.71 

-57.30 

2«*.4 

16.7 

-0.0  7 

-0.46 

-15.51 

-15.99 

130.58 

124.24 

-23.1 

3.6 

27.0 

18 

8 

26.3 

25.58 

-57.97 

24.5 

la 

14.38 

14.34 

-2.37  : 

-2.79 

129.10 

128.57 

29.3 

2.6 

2 7.0 

13 

6 

28,5 

26.41 

-5  8.66* 
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AZIWTH 

tOEG) 

132.5 

132.3 

131.2 

69.0 

133.0 

132.8 

132.6 

131.6 


133.1 

133.1 

132.fi 

131.3 


133.5 

133.3 

133.1 

132.1 
93.9 


133.7 

133.7 

133.5 

132.3 

91.1 

13if.l 

13V.Q 

133.6 

132.6 
92.5 


134.4 
134.3 

134.0 
132.9 

83.5 

134.7 

1 34 . 6 

134.5 

133.1 

90.7 


08TA 

FtAG 


9/  ^/7Z  CTNC-R*  NORTH  OF  VENEZUELA 


oor  2«*r-it 

SCAN  INCIO  SCATTERInC  COEFFICIENTS 


njmb 

Angle 

VV 

HH 

VH 

HV 

tOEG) 

<OB> 

»09) 

JOB) 

(G9) 

25,1 

47.2 

-23.39 

-25.49 

-36.17 

-37.15 

25.2 

40.9 

-20.28 

-22.81 

-35,22 

-34.27 

25.3 

30.9 

-14.85 

: -15.54 

-31.25 

-31.26 

25.4 

16.7 

-0.87 

-1.26 

-16.55 

-17. CO 

25.5 

: 1.1 

15.13 

14.97 

-2.0  3 

-2.13 

26.1 

47.2 

-22,77 

-26.76 

-35,13 

-34.61 

26.2 

4C.9 

-19.68 

-22.74 

-34.16 

-34.36 

26.3 

30.8 

-^15.37 

-16.36 

-31.71 

-31.71 

26.4 

16.7 

-1,95 

-2.15 

-17.43 

-17.63 

26.5 

1.1 

15.70 

15.54 

-1.46 

-1  .94 

27.1 

47.2 

-23.05 

-26.89 

-35.14 

-37.16 

27.2 

4 0.9 

-21.56 

-24.13 

-33.31 

-36.61 

27.3 

30.7 

-17.27 

-18.25 

-35.39 

-33. h7 

27.4 

27.5 

16.6 

-3.82 

-3.69 

-19.17 

-19.76 

26.1 

47.1 

-29.55 

-33. 2€ 

-42.59 

-44,61 

2S.2 

41.0 

-29.65 

-33.05 

-41.51 

-41,71 

26.3 

3 0.7 

-31.17 

-33.67 

-46,67 

-46.67 

23.4 

15.7 

-22.60 

-24.45 

-33.98 

-39.27 

26.5 

1.1 

10.66 

ll.fi9 

-1.56 

-2.46 

29.1 

47.3 

-32.4 « 

-37.22 

-43. Cl 

-44.08 

29.2 

40.9 

-33.19 

-35.94 

-45.36 

-43.90 

29.3 

29.4 

33.7 

-29.92 

-49.37 

2S.5 

JSC  - 5/3/75  S.  TRUTH  - 8/26/75 


ANTENNA 

ten^s 

ASPEGT 

HIND 

SEA 

GMT 

CEtt  COORDINATES 

$193 

DATA 

V 

(DEG! 

H 

(DEG! 

ANGLE 
ID  EG! 

SPEED 

(M/S! 

TEMP 

(OEG) 

(MB 

1 SEC) 

LAT 

(OEG! 

LONG 
(OEG.I 

AZIHTH  FCAI* 
tKGI 

166.47 

106.22 

-45.  C 

5.7 

27.0 

18 

8 

32*0 

23.91 

-55.66 

135.0 

155.65 

111  *8  2 

-45*1 

>.7 

27*0 

IS 

8 

35.6 

24.57 

-56.02 

135 . 1 

143.38 

119.76 

-14,4 

3.1 

27*6 

18 

8 

38.8 

25.46 

^5  6.  50 

134.4 

129.76 

122.91 

“‘13.5 

2.1 

27.  C 

16 

8 

41.6 

26.26 

-57.24 

133.5 

127.85 

127.32 

25.3 

1.5 

27.0 

18 

8 

43.6 

27. 1C 

-5  7.93 

94.0 

165 .25 

104.52 

—45 . 3 

6.2 

27.0 

IH 

8 

47.3 

24.57 

-54.93 

135.3 

156.13 

111,61 

-45.3 

5*1 

27*  L 

18 

d 

50  .8 

25.25 

-55.28 

135.3 

143.54 

116.31 

-25*  1 

3.1 

27.B 

18 

8 

54.1 

26.86 

-55.84 

135.1 

130 .57 

* 124.75 

-23.7 

2.1 

27.0 

18 

8 

56.  8 

26.94 

-56.51 

133.7 

127.59 

129.18 

17*3 

0.5 

27.0 

18 

8 

59.0 

27.78 

-57.19 

92.7 

165.59 

135.69 

-45*6 

5.1 

27.0 

16 

9 

2.5 

25.24 

-54.19 

135.8 

150.25 

113.91 

-35  ,5 

3.6 

27.0 

la 

9 

6.1 

25.91 

—54,54 

135.5 

142.56 

116.45 

-15.4 

2*6 

27. 0 

18 

9 

9.3 

26.74 

-55*  10 

135.4 

129.71 

123.93 

-14.3 

1.5 

27. 0 

16 

9 

ro 

• 

27.62 

-55.76 

134 .3 

1 64 . 75 

105*36 

-46,3 

4.1 

27.0 

18 

9 

17 . 8 

25.90 

-53.45 

136.3 

155,66 

110.05 

-16,0 

3.1 

27.0 

18 

9 

21.3 

26.56 

-53.79 

136.0 

141.58 

119.02 

-5.6 

2.6 

27.0 

18 

9 

24.8 

27.40 

-54. 34 

135.6 

•2 

1 30 . 65 

12**. 31 

-4.7 

; 1.5 

27.  G 

18 

9 

27.3 

23.28 

-55. CO 

1 34  • 7 

-2 

128.66 

127.30 

34.7 

0,5 

27. C 

18 

9 

29.5 

29.13 

-55.69 

95.3 

164.42 

103.74 

-46,5 

3,1 

27.0 

le 

9 

33.0 

26.55 

-52.63 

136.5 

154.69 

110.61 

-16  *3 

2.6 

27.  C 

18 

9 

36.6 

27.23 

-53.03 

136.3 

•2 

144.16 

14.0 

1.5 

27.0 

18 

9 

39.3 

25.04 

-53. 61 

138.0 
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antcnna 

TEMPS 

HU  ns 

ANOLE  : 

vv 

VH 

HV 

V 

H 

(3£G> 

IOC) 

. COB) : 

1031 

tCSJ 

C02G1 

tOEG) 

52.8 

159.32 

87.13 

44.1 

149.9C 

96.51 

U3 

32.5 

161. 21 

151.49 

17.5 

230  *97 

2 29 .5  0 

It  5 

2, 1 

50.6 

-35.55 

-39.70 

-43.13 

-46.23 

158.26 

86.60 

ZfZ 

44.1 

^27.10 

-32.55 

-41,01 

-41.57 

148.10 

96.13 

2.3  ^ 

32.5 

-19.45 

-19.71 

-34.49 

-3V.48 

136.23 

106.49 

2,1* 

17.4 

-6.55 

-7.10 

-16.55 

-15.97 

148.35 

1 65.24 

2r5 

1.3 

d.  ei 

9,49 

1.67 

-4.62 

23*4.55 

236.75 

3*t 

50.8 

-23.14 

-35.06 

-38.55 

-37.51 

160.22 

92.63 

3,2 

44*1 

-29.95 

-34.57 

-41.07 

-41.36 

149-37 

96.99 

3*3 

32.6 

-20.45 

-21.15 

-35,44 

134.79 

106.61 

17.5 

-2.56 

-i./r 

—13 .1 3 

• -15. Cl 

124.56 

115.67 

3«5 

; 1.2 

13.76 

17.99 

4,19 

6.63 

1*.4*97 

157.92 

50.6 

-26.67 

-30.75 

-35. 73  * 

-36.17 

162.96 

97.92 

i**2 

: ^ ^44  .l^:  ^ 

-25*72 

-29*06 

-36.15 

-36.66 

150.45 

lO  Q .11 

«*,3 

32.4 

-22.51 

-23.71 

-35.25 

-36.52 

134.32 

106.12 

^ 4 « H 

17.4 

-2.  27 

-1.9a 

-17.61 

-17.62 

123.24 

114.31 

^4.5 

1.3 

14.53  . 

14.67 

-2*42 

-2*37 

122.14 

120.51 

5.1 

50.7 

-24.66 

-26,46 

-35. 74 

-36.18 

162 . 20 

95*62 

5*2 

4:4  .1^ 

-20.10 

-23.24 

-32.30 

-32.96 

151.69 

101.36 

5-3 

32.5 

-17.94 

-16.35 

-33.63 

-33.02 

135.59 

107.43 

17.3  : 

-3.45 

-3.26 

-13.65 

-16.43 

122.30 

113.69 

5.5 

'1.2  : 

14.94 

15.29 

-2.42 

-2.32 

121.33 

116.67 

6.1 

5^  ^ 

-25*04 

-29.93 

-35*71 

-36.16 

161.29 

95.26 

6.2 

44.1 

-19.97 

-22,70 

-32.83 

-32.34 

151.63 

102.25 

6.3 

32.4 

-14.74 

-14.37 

-29,66 

-29.45  , 

137.22 

113.60 

6*4 

/ 17  .4  / 

-1.19 

-0.20 

-16*39 

-16.29 

123.53 

116.16 

6.5 

^ 1*3 

15.11 

15.52 

-2.12 

-2.G7 

118.55 

116 .48 

7.1 

S3  .5 

-23.54 

-30,56 

-43.04 

-34.32 

160.95 

93.84 

7.2 

44.0 

-IS. 97 

-22.99 

-32.26 

-32.30 

151*28 

100,43 

7.3 

' 32.5  \ 

-13.67 

-14.45 

-28.66 

-29. -6 

136.75 

110 .13 

17.5 

0.51 

0.93 

-15.15 

-15.14 

125.75 

117,36 

7.5 

1.3; 

14.34 

14,56 

-3.41 

-3.40 

121.11 

12C.55 

3.1 

SO  .3 

-33.96 

-37.73 

-43. C 2 

-37.50 

161.92 

92.77 

3.2 

44.3 

-23.90 

-27.59 

-37.93 

-35.25 

149.14 

98.27 

3 . 3 

32.6 

-13.74 

-13.61 

-25.47 

-26.94 

135.09 

108.74 

3.'^: 

17.5 

0.6  a 

0.62 

-15. C 3 

-14.91 

124,41 

116*01 

3 .5 

; 1.3 

13.42 

13.66 

-4.0  3 

^4.27 

123*35 

120 .76 

A2‘ 
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«INO  SEA  GMT  CEUt  COORDINATES 
SPEED  TEMP  t-AT  CONG 

IKASI  COeO  TMR  MIN  SECI  <DEG)  lOECJ 

5.4  ll.U  19  25  a. 0 49.45  -52.07 

5.1  iC. 7-  19  25  11.5  43,76  -52.98 

4.3  lG.3  19  25  14.7  49.63  -54,41 

5.0  10.3  19  25  17.3  49.46  -55.91 


S193  DATA 
AZiMTH  FCAG 
(QEGI 

80  .6 
80.5 

SC  .2  t 
79.7  1 


130.3 

132.3 
ItiO  . 7 

151.1 

159 . 1 

126.2 
128 . 2 

131.6 

140.0 

139.5 

120,9 

123.1 

127.5 

131.8 

133.9 

114.8 

117.8 

122.4 

126.7 

126.4 

1C6.6 

111.8 

117.1 

122.5 

113.9 

95.5 

101.6 
11 1.0 

116.4 

114.4 

86.1 

91.3 

lC0.fi 

IIO.O 

112.2 


12.0  19  25  22.6  49.95  -50.66 

11,8  19  25  26.3  49.89  -51.57 

10.7  19  25  29.6  49.77  -53.01 

10.3  19  25  32.3  49.63  -54.51 

lu.3  19  25  34.5  49.48  -55.91 

1C.2  19  25  38.1  50.35  -49,20 

11.8  19  25  41,6  49.99  -50.11 

11.8  192544.9  43.89  -51.54 

10.7  19  25  47.6  49.77  -53.06 

10.3  13  25  49,8  43.63  -54,48 

13.5  19  25  53.3  50.11  -47.73 

13.0  19  25  66.6  50.07  -48.66 

11.8  19  26  0.1  49.33  -50.12 

11.8  19  26  2.9  49.39  -51,63 

10.7  19  26  5.0  49.78  -53.34 

13.6  19  26  8.5  55.16  -46.25 

13.4  19  26  12.1  50.13  -47.19 

13.0  19  26  15.3  Su.Or  -48.64 

11.8  19  26  18.1  49.99  -50.19 

11.8  19  26  20.3  49.89  -51.60 

14.0  19  26  23,8  50.19  -44.80 

13.9  19  26  27.3  50.17  -45.72 

13.4  19  26  30.6  50.13  -47,19 

13.0  19  26  33.3  5C.07  -48.71 

11.8  19  26  35.5  49.99  -50.14 

14.1  19  26  39.1  50.20  -43.34 

14.C  19  26  42.6  50.20  -44.26 

13.9  19  26  45.8  50.18  -45.71 

13.4  19  26  48.6  50.13  -47.24 

13. C 19  26  50.8  50.07  -46.67 

14.1  19  26  54.3  50.19  -41.81 

14.0  19  26  57.8  53.19  -42.76 

14.0  19  27  i.l  50.19  -44,23 

13.9  19  27  3.8  50.17  -45,77 

13.4  19  27  6.C  50.13  -.7.21 
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vv 

HH 

VH 

HV 

V 

t DEG) 

(03) 

(C3) 

103) 

TCB) 

(CEG) 

9*1 

50.5 

-17v50 

-17  * 33 

-29.88 

-31 .ar 

190 . 06 

9*2 

44.1 

-31*41 

-31*12 

-40*62 

-41.35 

157.64 

9*3 

32.5 

-15.95 

-l  b.  74 

-31.4  6 

-31.89 

134*04 

9.4 

17.4 

1.09 

1.43 

-14.76 

-14  .56 

123.94 

9.5 

1.2 

13.48 

13*46 

-3.89 

-4.19 

122.28 

10^1 

50.6 

•16.68 

-21.55 

-29.89 

-3C.00 

165.60 

10.2 

44.1 

-14. 07 

-17*52 

-27.37 

-27.58 

159.58 

10.3 

32.5 

•22.56 

-21.26 

-41.96 

-36.72 

140.36 

10.4 

17.3 

0.6C 

0*5  4 

-15.C9 

-14.98 

123.52 

10.5 

1.3 

13.54 

13.67 

-4.18 

-3.95 

12C.97 

11.1 

5 0 .6 

-20.51 

-25.25 

-32.61 

-37.35 

163.53 

11.2 

44.1 

-14.43 

-18.10 

-29.04 

-28.80 

153.01 

11.3 

32.4 

-10.20 

-11*29 

-24  .3  8 

-24.74 

144.23 

11.4 

17.5 

-2.37 

-1.89 

-17.46 

-17.30 

127.67 

11.5 

1.2 

13.58 

13.71 

— 3 . / 4 

-3.74 

121.47 

12.1 

50  .6 

-25.14 

-31 .23 

-37. 8 C 

-40.55 

161.31 

12.2 

44.1 

•16.89 

-20.67 

-31.29 

-31.32 

151.90 

12.3 

32.4 

-10.49 

-11.61 

-25.  22 

-25.32 

139.11 

12*4 

17  o5 

1.13 

1.37 

-14.52 

-14.37 

133.25 

12.5 

1.2 

15.0  5 

15.04 

-2.73 

-2.56 

126. 14 

13.1 

50.7 

-36. 16 

-39,59 

-43. C2 

-39.42 

160 .51 

13,2 

44.1 

-30.55 

-35.38 

-40.45 

-4C.99 

150.06 

1.3.3 

32.5 

-13.04 

-14. 01 

-28.02 

-27.84 

135.65 

13.4 

17.4 

1*25 

1.67 

-14. 42 

-14,46 

128.16 

13.5 

1.3 

12.60 

12*72 

—4.  75 

—4 .6  3 

132. £9 

14.1 

50  .7 

-24.80 

-29.10 

-39.41 

-36*63 

163.56 

14.2 

44. C 

-27.95 

-30.75 

-37.93 

-38  .17 

150.72 

14.3 

32.5 

-24.48 

-26.78 

—6  3 . l7 

-38.42 

134.47 

14 .4 

17.3 

0*56 

0*94 

-15. 3 1 

-14.96 

124.69 

14.5 

; 1.1 

12.74 

13.2  0 

-4.85 

-4  .5  0 

124.67 

15.1 

50*7 

-19.78 

-24.24 

-32.44 

-31.58 

166.22 

15.2 

44.  C 

-20.02 

-22*75 

-32.30 

-32.91 

153.85 

15.3 

3 2.5 

-21.02 

-20.76 

-35.44 

-38.64 

135.10 

l5. 4 

17.4 

-6.31 

-6*52 

-22.18 

121.61 

15.5 

1.3 

13.61 

14.01 

-3.  80 

-3*80 

121.30 

19.1 

5J.7 

-21.75 

-26.25 

-36.91 

-35.  U 

163.53 

1;  e . 2 

44.1 

-15*13 

-21*^3 

-3ri.V8 

-3^.23 

154.94 

1 A , 3 

32.4 

-1^*05 

-14,28 

-28.2  2 

-28.13 

138.63 

1 6.  4 

17.5 

-2.44 

-1.88 

-I7*5i 

-18. 10 

123.27 

15.5 

1.2 

16*58 

16.75 

-0.5  6 
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146.07 

8 3.1 

105.79 

84.2 

107.92 

9D.7 

115.54 

lei.c 

122.24 

132rl 

103.08 

79.9 

115.39 

81.1 

110.61 

63.4 

114.53 

9U.6 

128.91 

95.7 

99.98 

74.7 

1 U 5 . 7 2 

77.9 

123.27 

60*4 

118.44 

82.7 

119.59 

^5.1 

93.14 

59.5 

1C 2. 04 

7G.8 

113.54 

77.3 

127.00 

20.6 

124.58 

81.0 

91.30 

-11.6 

96.10 

44 , 6 

1C9.53 

69.9 

119.78 

76.4 

13S.55 

72.3 

9 8.45 

-57.8 

98.30 

-3  9.6 

106.24 

44.3 

115.76 

69.2 

124.65 

69.4 

104.70 

-63.8 

105. 00 

-62.7 

107.94 

-39.4 

112*66 

^♦6.1 

120*22 

62 , 5 

97.89 

i 

J— 

108.13 

-65.9 

111.99 

--3.4 

114,8b 

>^8.8 

117.17 

41.7 

A 30 
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SPEED 
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COEC) 

5*8 

14 .2 

19 

27 

9.5 

50.16 

-40.38 

89.9  4 

5 .9 

14.2 

19 

27 

13.1 

50.17 

-41.32 

89.8 

5.7 

14.  S 

19 

27 

16.3 

53  .20 

^42.78 

89.3 

5*7 

14  . C 

19 

27 

19.1 

59.19 

-44. cl 

89.0 

5,7 

13.9 

19 

27 

21.3 

50*16 

-45. 76 

95.9 

5.2 

14*3 

19 

27 

24.8 

50.11 

-38*93 

91*1 

5*6 

14.3 

19 

27 

28.3 

50.14 

-39*86 

90  .9 

5.9 

14.2 

19 

27 

31  * 6 

5C.17 

-41.31 

9u.6 

5*7 

14.0 

19 

27 

3>,3 

50.19 

-«*2.85 

90  .4 

5.7 

14.  C 

19 

27 

36.5 

50.19 

-4‘..28 

94.3 

3.9 

14.3 

19 

27 

40.1 

59.03 

-37.45 

92.3 

4.5 

14.3 

19 

27 

43.6 

50.08 

-38.39 

92.1 

5.6 

14.3 

19 

27 

46.8 

50.13 

-39.85 

91.6 

5.9 

14.2 

19 

27 

49.6 

50.17 

-41.37 

91.3 

5.7 

14.0 

19 

27 

51.8 

50.19 

-42. 82 

94.9 

2.3 

14.4 

19 

27 

55.3 

49.94 

-36. G1 

93.5 

3.3 

14*3 

19 

27 

53 .8 

50.0  0 * 

-36.93 

93.2 

4.8 

14.3 

19 

23 

2.1 

50.07 

-38.39 

92*7 

5.6 

14,3 

19 

2H 

4.8 

50.13 

-3  9.90 

92.4 

5.9 

14.2 

19 

20 

7*D 

50.17 

-41.35 

93 .0 

1.2 

15 . 0 

19 

28 

19.5 

49,83 

-34.53 

94.5 

1.6 

14  . 

19 

28 

14.1 

49.90 

-35.47 

94.4 

3*3 

14.3 

19 

28 

17*3 

h9.99 

-36.92 

94,1 

4 . 8 

14.3 

19 

28 

20 . 1 

50.07 

-33.44 

93.6 

5.6 

14.3 

19 

28 

22.3 

50.12 

-39.88 

iOO.7 

2.7 

15*0 

19 

23 

25  *8 

49.7C 

-33.10 

95.8 

1.6 

14.9 

19 

28 

29.3 

49.78 

-34.04 

95.6 

1.6 

14.8 

19 

28 

32.6 

49.89 

-35.47 

95.2 

3.3 

14.3 

19 

28 

35.3 

49.99 

-37. CO 

94.8 

4 .8 

14.3 

19 

28 

37.5 

50.  C 6 

-33.44 

101.6 

4.5 

15.6 

19 

2 8 

41. 1 

49.55 

-31. 66 

96.8 

3 .4 

15.2 

19 

23 

44.6 

4}  .64 

-32*59 

96.7 

1*6 

14.9 

19 

28 

47  *8 

49.77 

-34.03 

9&.4 

1 .7 

14 .8 

19 

28 

50.6 

49.89 

-35.53 

95.9 

3*1 

14.3 

19 

2 8 

52.8 

49.98 

-16.97 

101.5 

5 *9 

16  .O 

19 

28 

56.3 

49.38 

-1C .21 

99.1 

5.0 

15.9 

19 

?3 

59*8 

-31.  15 

97 .9 

3.4 

15.2 

19 

29 

3.1 

*•1.63 

-32.59 

97.4 

1.5 

I't.M 

13 

29 

5.8 

49.77 

-34. Cd 

96 .8 

1.7 

14,8 

19 

29 

8.0 

49.88 

-35.51 

99.3 
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32.4 
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> 1.2  ^ 

.17.32 
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-13.31 
0.44- 
14.93 

-22.62 

-19.-8 

-13.35 

C.83 

15.00 

-31.29 
-30.87 
-27.32 
-15. C 8 
-2.78 

-32.00 
-31.78 
-26.34 
-15.0  6 
-2.19 

163.86 
152.09 
139. 27 
126.21 
120.79 

99.23 

103.23 

115.25 

118.85 

119.73 

is«i 
<6>2 
1 3 « 3 
13*4 
15.5 

5 € .6 
44.0 
32  a 4 
17.4 

-14.57 

-14.44 

-12.24 

0.74 

-19.66 
-18.39 
-12.91 
1 • 06 

-29.  87 
-29. 3C 
-27.67 
-14.89 

-29.39 

-28.55 

-27.84 

-14.79 

164.65 
154.64 
138 .29 
128.74 

97.6  9 
105*28 
109.54 
121 .93 

19*1 
19.2 
19a  3 
19*  ** 
19.5 

50  .7 

44,1 

32.4 
: 17.5::  ^ 
1.3 

-17.58 

-13.15 

-13*59 

1.33 

13.28 

-22.64 
-17.15 
-12.11 
1*  83 
13.15 

-32.54 
-28. 8 C 
-25.57 
-14. 31  * 

-4  .48 

-32.25 

-28.37 

-25.35 

•14.48 

-4.66 

162.71 
154.37 
14D  . 74 
126. 7o 
125. 02 

95.51 

102.44 

113.58 

116.79 

12H.42 

22V1 
2C  . Z 
2D.  3 

23.4 

23.5 

50.6 
44.1 
3 2.5 
17.5 

: 1.4:  ,: 

-23.  44 
-17.44 
-9.49 
1.37 
13.45 

-27.74 

-20.89 

-10.97 

1.74 

13.53 

-36.  n ‘ 

-3  3.31 
-25.70 
-14*17 
-3.98 

-37.31 
-32 .10 
-24. *2 
-1  .21 
-3.96 

161 . 30 

151.30 
137.04 
128.40 
123.25 

95.61 

100*37 

112*47 

119.47 

122.20 

21.1 

21.2 

21.3 

21*4 

50*7 
44.1 
52.5 
17  A 
1.2 

•20.58 

-17.47 

-12.90 

1.80 

13.33 

-2  6.0  5 
-20.24 
-13.98 
2.08 
1 n 0 8 

-35. SC 
-31. 1C 
-29. 21 
-14  *98 
-4,14 

-35.96 

-32.13 

-2h.68 

-14.98 

-4,14 

162.72 
152.66 
137.24 
126.07 
124. 4t 

94.50 
103.15 
10  9.52 
118.71 

12^. 8 d 

22.1 

r2*2; 

22*4 

2245 

^2.6 
■■  44.1  ■ 
: 52.5 

17  .5 
: ; 1.3 

•*  2 4 » 4 8 
-21*10 
-12*65 
C.98 
13.  20 

-27.36 
-24* 5 C 
-!3.51 
1.0  3 
13;40 

-36.21 

-34,91 

-27.24 

-14*79 

-4*65 

-37.29 

-3q.27 

-2'^  .24 
-14.73  ’ 
-4.3  8 

lo3.55 
152.17 
136*88 
‘ 124.25 
123.82 

95.29 

107.59 

117.41 
120 .64 

23. 1 

23.2 
,23.3 

33.4 

23.5 

5 0.8 
44.2 
32.6 
17  .5 
^ 1.4 

-26.8  3 
-22.49 
-14.81 
1.0  6 
13.82 

-51.7C 

-25.70 

-15.59 

1.33 

13.91 

-37.73 

-31.70 

-14.76 

-3.53 

-37.32 

-36.29 

-31.25 

-14.62 

-3.73 

164.67 

152.98 

136*22 

124.35 

121.35 

97.96 

101.02 

109.55 

115.87 

121.33 

24.1 

53*7 

-24.37 

-27.72 

-36.69 

-37.92 

167. 33 

98.5  9 

2 4.  "2 
24.3 
24  A 4 
24a5 

- 44  .0  . 

32.4 

17.4 
1.3 

-15.98 

0.26 

13.61 

-16.94 

0.67 

13.49 

-35.41 

-15.37 

-u,OC 

-32.77 

-15.28 

-3.78 

136.59 

124.93 

120.46 

110.43 

113.39 

12J.90 

iiSPECT 

AN5L£ 

<OEG» 


VINO  SEA 
SPEED  temp 
<M/S>  tOEGI 


GK7  CEU  COORDINATES 
CAT  LONG 

tHR  KIN  SECJ  (OEGJ  lOEGJ 


-52.1 

6.9 

16.2 

19 

29 

11.5 

-59.0 

6.3 

16.1 

19 

29 

15.1 

-64.6 

5.0 

15*9 

19 

29 

18.3 

— 64 . 6 

3.3 

15.2 

19 

29 

21.1 

-42.9 

1.5 

14.9 

19 

29 

23.3 

-41.  2 

7.8 

16.3 

19 

29 

26.8 

-49 . C 

7.2 

16  * 2 

19 

29 

3C.3 

-59.7 

6.3 

16*1 

19 

29 

33.6 

-65.3 

4.9 

15.9 

19 

2 9 

3 b.  3 

-28.3 

9.1 

15.4 

19 

29 

42.1 

-37.2 

8.1 

16 ,3 

19 

29 

45 . 6 

-49.7 

7.2 

16.2 

19 

29 

48.6 

•60. 4 

6.2 

16.1 

19 

29 

51.6 

-71.9 

4.9 

15.9 

19 

29 

53.8 

-20.4 

9.7 

16.6 

19 

29 

57.3 

-26.3 

9.3 

15.4 

19 

30 

0.8 

• 37.8 

8.1 

16.3 

19 

30 

4.1 

-51*7 

7.2 

16.2 

19 

30 

6.8 

-60.7 

6*2 

16.1 

19 

30 

9.0 

• 14 . 5 

IQ  . 7 

16.7 

19 

33 

12*5 

-19.4 

10  .0 

16.6 

19 

3G 

16.1 

-26.8 

9.2 

16.4 

19 

3 0 

19 . 3 

-39.6 

8.1 

16.3 

19 

30 

22 . 1 

-41.9 

7.1 

16.2 

19 

30 

24,3 

-11.5 

1"  *6 

17.3 

19 

3 ) 

27.8 

-1-^.3 

1 2 ♦ 8 

16  .9 

19 

3 j 

31.3 

-2C.1 

1C*& 

16*6 

19 

30 

34 .6 

-28.9 

9.2 

16. 4 

19 

30 

37. 3 

-4  2. 6 

8.1 

16*3 

19 

30 

39.5 

-11.5 

1C.  6 

17.3 

19 

30 

42.9 

-11.5 

10.5 

17 .2 

19 

30 

4o . 6 

-15.3 

10  * 8 

16.9 

19 

30 

49.6 

-21.2 

9.9 

16.6 

19 

30 

52.6 

-29*  2 

9.2 

16.4 

19 

30 

54.8 

-11.6 

10.3 

17.6 

19 

30 

58.3 

-12.5 

10  * 6 

17.4 

19 

31 

2.9 

-12.  1 

1C  .5 

17.2 

19 

31 

5. 1 

-15.8 

10  .8 

lo  . 9 

19 

31 

7.8 

-26.6 

9 .8 

16.6 

19 

31 

lUC 

A9.19 

-28.82 

49.31 

-29.74 

49.47 

-31.16 

49.63 

-32.65 

49.75 

-34.07 

48.99 

. -27.43 

49.11 

-28.34 

49.29 

-29.75 

49.4? 

-31.22 

43.76 

-26.03 

43.90 

-26.94 

49.10 

-28.34 

49.29 

-29.80 

49  ♦45 

-31.  20 

48.52 

-24.67 

48.66 

-25.56 

48.88 

-26.93 

49.09 

*26.39 

49.27 

-29.78 

i.3.25 

-23*29 

48.41 

-24.18 

48.65 

-25.56 

48.88 

-27.01 

49.0" 

-28.39 

47.98 

-21.9b 

48.15 

-2  2.63 

4ft  .*•  J 

-24. 18 

48.64 

-25.62 

48 . 6 6 

-26.38 

47.65 

-20 . 61 

47.85 

-21.47 

48.12 

-22.82 

48.35 

-24.24 

49.62 

-25*60 

47.36 

-19.30 

47.53 

-20. 08 

47.64 

-21.51 

49.12 

-22.90 

48.37 

-24.24 

S193  DATA 
AIINTH  FtAG 
(OECI 

S9.1 
99.0 
99. G 

99.6 
ICO. 9 

IOC. 2 
ICO.O 

99.7 

99.3 


1C  1.3 

101.2 

100.7 
1C0.4 
10«..9 

102. 

102.3 

lai.a 

101.7 
ICQ.  7 

103.5 
10  3.  J. 

102.9 

102.6 

111. ,9 

i:<..5 

12^.3 

i:*-.! 

103. 9 

105.6 

105.5 

105.5 

105.3 
105.2 
ID'.. 2 

106.6 

106.5 
1C  6.1 
1C5.9 

110.6 
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SCAN 

NUMB 


25.1 

<5.2 

25.3 

25^4 

25.5 


26.1 

26.2 

26.3 

25.^ 

2o.5 

27.1 

27.2 

27.3 


2^.1 

25.2 

<6*3 

25.4 

28.5 

29.1 

29.2 

29.3 

29.4 

29.5 

3C.1 

30 . 2 

30.3 

30.4 

30.5 

31.1 

31.2 

31.3 

31.4 

31.5 

32.1 

32.2 

32.3 

32.4 

32.5 
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INCIO 

scattering 

coefficients 

ANTENNA 

TENP3 

ANGLE 

vv 

HH 

S/H 

HV 

V 

H 

(0£G) 

(00) 

(DB) 

(OBJ 

(69) 

(OEG) 

(OEG) 

50.7 

•14.60 

-15.02 

-27.30 

-27.36 

187.78 

134.47 

44.1 

•17.45 

-19.79 

-30.65 

-.32.16 

156.78 

104.73 

32.5 

•16. 94 

-17.49 

-3  2,12 

-32.80 

139.40 

110.16 

17.S 

-0.26 

-O.ll 

-15.97 

-15.71 

126.13 

116.67 

1.4 

13.95 

13.98 

-3.46 

-3.32 

121.65 

123  .77 

5 0.6 

•15.44 

-15.63 

-28.61 

-27.69 

191.12 

143.96 

44  1 2 

-13.89 

-15.20 

-27.92 

-25.35 

174.57 

139.11 

32.4 

-13.92 

-13.68 

-27.42 

-28.90 

140.48 

113.86 

17.5 

-0.48 

-0.11 

-16.18 

-16.21 

126.62 

119.46 

1.4 

14.  46 

14.55 

-2.93 

-2.99 

122.17 

122. 09 

50.7 

-14.84 

-17.08 

-27.61 

-28 .61 

10D . 86 

123.55 

4 4.2 

-15.76  ' 

-15.99 

-28.62 

-28.36 

175.54 

138.47 

32.5 

-11.23 

. -12.11 

-25. 7P 

-24. 32 

161. C 2 

1 4 4 . t 4 

17.5 

l.u 

1^.45 

■;  i-i.5  2 

^2.  h? 

-2.n7 

122  . 

121.52 

5P  .8 

-13.37 

-16.42 

-27.35 

174 .42 

117.43 

44.2 

-11.57 

— 4:7.  ' 

-25 . 21 

-7V.il 

167.01 

122.38 

32.6 

•13.35 

13,74;-:^ 

. -27.43 

-27.44 

161.89 

: t3'J.:0'2 

17.5 

-0.54  ‘ 

-0,37 

-15  .69 

-15.71 

153.02 

149.49 

1.4 

14*02 

14.14 

-3.59 

-3.52 

124.71 

123.64 

50.7  -13.W  -18.53  -23.32  :;-2a,n3  169. <<1  106.23 

<*‘.,2  -12.81  -15. i*8  -26. 66  ; -27,01  159 . 36  110.47 

32.5  -7,92  -0.94  -22.38  -22.30  153.95  126.31 

17.5  -i‘1.82  ^ -g.9<«  -17.12  -17.14  ISO. 29  142.0:2 

1.3  'U2.68i  13.03  -4.  54  -4  .83  150.86  154.65 


5 0.7 

-14.12 

-18. 61 

-20.51 

-2  0 .6  2 

169.57 

102,84 

44.2 

-12.17 

-15.27 

-26.51 

-26.36 

159.42 

10  9,1,9 

32.6 

^8.35 

-9.69 

-23.25 

-23.45 

144.36 

11&.65 

17.5 

1,81 

2.2  5 

414. 65 

—14.0  0 

' 140.71 

132.31, 

1.3 

13.45 

13.79 

-4.  21 

-3.79 

l‘.9.7l 

11,5.68 

50.7 

-16.07 

-21.66 

-11.62 

-30.53 

167.6b 

;10  3.96 

44.1 

-12.14 

-16.15 

-27. 32 

-27.34 

157.77 

: ; 106.83 

32,5 

^7.77 

-0.99 

>22.  72 

-22.54 

144.44 

' ' 115,16 

17.5 

2.  20 

2.59 

-13.71 

-14  .5  0 

131.09 

124.07 

1.4 

12.66 

12.73 

-5.  03 

-4.68 

137.97 

135,94 

50.8 

-21.09 

-20.11 

-42.80 

-37 .95 

165,36 

97.55 

44.1 

-14. 33 

-10.37 

-29.95 

-29.63 

155.51 

IQS.IO 

32.6 

-a. 64 

-10.01 

-23.99 

-24.01 

141,64 

114.45 

I7i5 

’2*42 

2.62 

-14.71 

•^14.35 

132. C6 

121,57 

1.4 

12.59 

12.93 

-4.36 

-4.41 

123.44 

127.40 

: A:32 

^ - ■ I,  ..  . ............  . , 


ASPECT 

KINO 

SEA 

GMT 

CEtL  CQOROl NATES 

S195 

OATR 

angle 

SPEED 

TEHP 

LAT 

LONG 

azihth 

FUG 

(OEG) 

(K/S» 

(DEG) 

(HR 

HiN 

SEC) 

JOEGI 

10  EG) 

tOEGI 

-12.6 

9.2 

17.9 

19 

31 

13.5 

47.04 

-18, so 

107.6 

4 

-12.6 

9.9 

17.7 

19 

31 

17  • 1 

vr.23 

-18.85 

107.6 

-12.1 

10.6 

17.4 

19 

31 

20.3 

47. 5*. 

-20.17 

107,1 

-14, 1 

10.4 

17.2 

19 

31 

23.1 

47.85 

•21.56 

107.1 

-19.0 

10.7 

16.9 

19 

31 

25.3 

45.10 

-22.88 

109.0 

^11.6 

8»2 

18.6 

19 

31 

28.8 

46  •59 

-16.74 

108.6 

4 

-12.6 

8.8 

16.1 

19 

31 

32.3 

46  .9  0 

-17.56 

108.6 

-13.4 

9.3 

17.7 

19 

31 

35.6 

47.22 

-18.87 

108.4 

-13.1 

10  .5 

17.4 

19 

31 

38.3 

47.53 

-23.24 

108.1 

^10.7 

10.3 

17.2 

19 

31 

40. 5 

47.80 

-21.54 

112.7 

-6.6 

6 .9 

19.4 

19 

3i 

44.1 

46.13 

-15.47 

109.6 

-10.5 

7.7 

19.C 

19 

31 

47.6 

46.54 

-16.27 

109.5 

-13,3 

8.8 

18.1 

19 

31 

59.8 

46.68 

-17.57 

1 09. 3 

-13.9 

9.0 

1 i 

M 

M.  3 

tr.iP 

-1 oi 

1 . 9 

-19.0 

1C 

1 / . ** 

19 

31 

£.7.crj 

-2C -23 

11^.5 

n.5 

5.9 

19.7 

iq 

31 

59.3 

-14.19 

11.  ,5 

t .4 

19.U 

19 

3 2 

2.0 

. 1 8 

-15.32 

112. 

-11.1 

7.7 

19.0 

19 

32 

6.1 

46.52 

-16. 3C 

110.1 

-14.1 

8.0 

18.1 

19 

32 

0.8 

46.87 

-1 7.  64 

llG.l 

-20,7 

9.8 

17.7 

19 

32 

11.0 

47.18 

115.7 

11.5 

5.6 

30.0 

19 

32 

14.5 

45.56 

-12.99 

111.5 

3-5 

5.8 

19.8 

19 

32 

18.1 

45.79 

-13.78 

ill.*. 

-5.2 

6.4 

19.4 

19 

32 

21.3 

46.16 

-15. 05 

111,2 

-11 . 9 

7.7 

19.  C 

19 

32 

24.1 

46.52 

-16^37 

iio.9 

-20.3 

0.7 

le.i 

19 

32 

26.3 

46.04 

>17. 64 

116.3 

22.  6 

5.1 

19.5 

15 

32 

29.8 

45.15 

-11.78 

112.'*, 

14.7 

5 .4 

20.i 

19 

32 

33.3 

45.40 

-12.57 

112.3 

3.Q 

5.7 

19.0 

19 

32 

36. 6 

45.77 

-13,81 

112.2 

-5.8 

6 ,4 

19.4 

19 

32 

39.3 

46  • 15 

-15.12 

111.3 

-20.5 

7.6 

19.0 

19 

32 

41.5 

46.49 

-16.37 

119.5 

30 .7 

4.6 

19.2 

19 

32 

45.1 

44.73 

-10.58 

113.3 

25.8 

5.0 

19.4 

19 

32 

48.6 

44.99 

-11.37 

113.2 

14.9 

5.4 

20  *1 

19 

3 2 

51 .8 

45.38 

-12.60 

il3.1 

2.2 

5.7 

19.fi 

19 

32 

54.6 

45.77 

413.89 

112. e 

^-12.0 

6.3 

19.4 

19 

32 

5b.  a 

46,12 

^-15.11 

iia.o 

28.8  3.5  19.3  19  33  0.3  44.30  -9.43  114.2 

32.9  4.4  19.4  19  33  3.8  44.57  -10,19  114.1 

25.0  5.0  19.4  19  33  7,1  44.96  -11.39  114. S 

14.1  5.V  20.1  19  33  9,t0  45.37  -12.65  113.9 

-0.5  5.7  19.8  19  33  12.0  45.74  -13.88  116.5 
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scan 

iNClQ 

SCATTeRING 

COSFPlClENtS 

A.NTeMNA 

TEMPS 

NUKS 

ANGLE 

vv 

HH 

VH 

” - HV 

V 

H 

tOEGI 

(OB) 

__  (OB) 

(03) 

: (DB> 

(OEG) 

(OEG) 

33.1 

50.8 

-33.10 

-33.64 

-39.16 

-45.81 

168.94 

931.09 

23.2 

44.3 

— 23ii&> 

-28.13 

-40.39 

-34. St  8 

153.51 

iica.oo 

33.3 

32. & 

-10.57 

-11.86  i 

— 2o  *49 

-26.18 

141.82 

111.93 

33  ..U 

17.5 

1.8  8 

1.55 

-14. C6 

-14.98 

130.:  67 

123 .71 

33.5 

1.5 

12.77 

13.33 

-4.47 

-4.34  . 

129.54 

124.88 

34.1 

50.7 

-11.04 

-10^66 

-16.61 

-16*40 

262.32 

259.54 

34.2 

44.2 

-11.71 

-9U84 

-15.46 

-^16.70 

251. 04 

211.36 

34^3- 

32.6 

-16.97 

-18.45 

^33. 32 

-35. 4i: ; 

138.97 

111.76 

3.4,4 

17.5 

0.99 

1.19 

^14.97 

-14...65^: 

13C.25 

119.75 

34.5 

■ -ii.4 

13.13 

13.  62 

i -4.29 

-4.15 

128*49 

126.37 

35«i 

5 0 .8 

-11*92 

-11.57 

-17.99 

-17.82 

261.53 

257.72 

35.2 

44.1 

-10.39 

-15.88 

-15.95 

262.56 

261.85 

33.3 

35.4 

35.5 
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ASPECT 

HIND 

SEA 

CHT 

CEtt  COOROI hates 
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(UtU) 

VlAD 

3P5ED 
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SEA 

T&MP 

(PfcG) 
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{HR  MIN  SEC) 

CEUU  coordinates' 

LAT  L0N3 

TDEG)  (DEG) 

S193  DATA 
-AZIMTH  riAQ 
(DEG) 

13.1 

13.2 

13.3 
la.i 

IBi? 

43,0 

41.3 

30.4 

i7vi 

: --4,54: 
-3,30 
0,l2 
7.l9 

-9,92 

-6.63 

-3.15 

1.22 

-7,33 
-8,26 
:a.4i 
i t 09 

-0,47 
-7,75 
-4,65 
3,  IB 

135, 11 
140.32 
139,66 
138.96 

107,88 

116.52 

12t>.22 

133,24 

117.5 

ii«.2 

11V.8 

15^1.9 

23  M 
23,7 
23.4 
22.6 

15  57  41,8 
15  57  45,4 
15  57  48,6 
15  57  51,4 

41.82 

42,73 

43.77 

44.77 

•40.81 

•41.02 

•4V.31 

•41.64 

156.5 

156.6 
157.2 
158,1 

20,1 
3 c .2 
2 0,3 
2C.  A 

2 0r5 

43,6 

41.3 

30.4 
17.2  . 

9,1 

“3.96 

-3,79 

0.1’ 

7.i4 

9.78 

•7.20 
-6.45 
* 3 0 0 
1.36 
7.24 

-7,11 

-7,09 

-4.50 

1.74 

6,23 

-6,33 

-9,47 

-4,71 

3,19 

8.05 

137.18 

141.10 

142.67 

140.22 

139,09 

110.36 
117,29 
126,45 
134,50 
137, /6 

114,5 

115,8 
117 . 2 

li?v3 

22.1 

22.2 

21.6 

20.3 

19.3 

15  58  12,4 
15  55  15,9 
15  58  19,1 
15  58  21,9 
15  6B  24, 'O 

42.57 

43.45 

44.49 

43.50 
46.07 

•33.51 
•38,67 
•35.91 
•39.19 
- -39.30 

158.5 
153.9 
159. a 
159.8 
161,7 

22,1 

2 2.2 
22,3 

22, A 
22.5 

48.5 

41.2 

30.3 

17.3 
9,2 

-5.01 
-3,56  ^ 
-0.50 

6.64 

9.63 

-8,80 
-6.15 
-3.4  0 
0.02 
6.9V 

-9,27 
-7.05 
-4,72 
‘ If  07 
6,04 

-7.68 

-7,61 

-4/75 

2,76 

7,93 

137,10 

141.03 

142,60 

137.5X 

136,66 

109,44 

117,64 

125.^51 

131.01 

136,41 

105.5 

106.3 
,106.9 

108.3 

107.6 

20  vl 
20  ; 6 

19.8 

17 .8 

16.4 

15  58  42,6 
15  58  46,4 
15  58  49j6 
13  53  52,4 
13  58  54j6 

43.23 

44,13 

45.17 

46.17 
46,73 

-36.14 
•36.24 
• 36,44 
-36.68 
-36.75 

160.5  * 

160.7 
161. 1 

161.7 

164,4 

2 4.1 

24.2 
24,5 
2 4.4 

24.3 

43.5 

41.3 

30.3 

17.3 
9.5 

-6,00 
-4.23 
-1.1 7 
6.72 
10. 04 

-3.65 
-7,  as 

*•4.58 

-0.11 

7,06 

-9.03 
-7,56 
-6.64 
' 0,74 
6,32 

-9,52 

-6,13 

-5,91 

2,5l 

8,57 

134,90 
lo8 , 4l 
136,83 
133,04 
131.19 

106,81 

115,46 

122,83 

129,11 

131.21 

y4.6 

p.2 

V5.8 

Y8.2 

y5.4 

19.3 

19. 4 
16,0 

15.4 

13.4 

15  59  13,4 
15  59  16,9 
15  69  20,1 
15  59  22.9 
15  59  25  io 

43*84 

44,72 

45.77 

46/77 

47.32 

-33/71 

•33.77 

-33.92 

•3*4.11 

•34,15 

162.4 

162.8 

163.2 

163,8 

165.6 

26,1  ; 
26,2 

26.3 

26.4 
2 6^5 

4$,  6 
41,2 
30>< 
17.4 
9,7 

♦ -7.09 

*•5,62 

-2.26 

6.22 

9,57 

-11.07 

-8.6S 

-5v36 

-0.60 

6,72 

9^11.76 

•-6,93 

O.Ql 

5,79 

•11.12 

-3,65 

-6,00 

2fl0 

8,37 

133,98 

136.64 

138,52 

133,43 

130.27 

105,47 
111,99 
121, Oi 
126,06 
130, 70 

v4,5 

04.3 
63,0 
/V  , 8 

76.3 

13;7 
15,3 
16,1 
12.8 
11. 1 

15  59. 43,3 
15  59  47 j 4 
15  69  50,6 
15  59  53,,  4 
IS  59  55,6 

44.36 

45,26 

46.30 

47.31 
47. S5 

-31,21 

-31/22 

•31,32 

•31.46 

-31.48 

164,5 

164.7 
165,0 
166,2 

167.7 
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SCaTTERINQ  COfc^nCJENTS 


2^1 

2.2 

2.3 

2.4 

2.5 


43.7 

ua 

33,4 

17,2 

9.2 


vv 

(DS) 

-10 ,62 
-9f71 
• 5 • 43 
6.08 
10.23 


HH 

<DBJ 

•12.31 
•10.29 
•ID. 22 
-2.47 
7.56 


VH 
(DB> 

-11.21 

-12.17 

>13.72 

-0.5? 

6.73 


12.1 

12.2 

12.3 

12.4 

12.5 

14.1 

14.2 

14.3 

14.4 

14 . 5 

16.1 

16.2 

16.3 

16.4 

16 .5 


4B,8 

-6.59 

•12 .78 

-10.65 

42.. 4 ■ 

-4.33 

-8.59 

-9,21 

30.4 

-2,65 

-5.74 

-6,87 

5.67 

• 1.15 

-0.62 

10*;  5 

10.28 

6.27 

5.02 

40. a 

-6.84 

-12.38 

-9.5? 

41,4 

-5.89 

-9.U 

>10.02 

30  4 4 

-2.99 

-6.28 

-7,63 

1?,  9 

5.95 

-1.92 

-1.35 

IS  #8 

9.29 

6.29 

5.23 

49^8 

•7,44 

•11,46 

-?.5? 

4 %.  f 3 

-6.75 

•9?  70 

-9.24 

30 ,4 

-4.34 

-7.69 

-9.15 

5.64 

>2.69 

-2.24 

9.67 

6.72 

'5,71 

HV 
tOB) 

-12,06 
•12 , 33 
-13.71 
2.23 
6.61 


antenna  temps 

V 

<DEG) 


ASPECT 
H AMIiUE 

(DfcSl  (OfcGJ 


I'i 

4ii 

49.9 

-9,45 

-11.09 

•U*65 

-11,60 

i'  ' 

4j2 

41.3 

-7,59 

-10.29 

• I2,i? 

•10 

,93 

4.3 

30.3 

-4,78 

-9.01 

•10.84 

-9 

4,4 

17.3 

6.52 

-1.55 

0*20 

2 

*63 

4.5 

9.78 

6.8t 

6.09 

B 

1 09 

>1 

c 

a.i 

^8.9 

-10,07 

-13.49 

-10.26 

-12 

,56 

6 .2 

41.3 

-6.1 7 

-11.19 

•11 .05 

•8 

.44 

Ni 

6.3 

30*3 

-2.60 

-6,25 

-6,84 

-7 

t3l 

C*  4 

17.4 

6.22 

-1,30 

' 2 

i50 

l-i 

6*5 

9.8 

9.61 

6 , 62 

8 

f 21 

Si  > 

9.1 

49.1 

-7.89 

-11,42 

-9.49 

7-10 

*99 

P 

8*2 

41,3 

-6.27 

-9.07 

•9,97 

•11 

♦ 07 

i’;  :: 

8,3 

:30*4 

• 1.95 

-6,27 

-7,30 

•6 

f 04 

8*4 

l7.5 

6«o7 

-1.25 

-0 .10 

1 

*96 

I:'- 

0*5v 

10  4 0 

8,92 

6,39 

‘5*58 

7 

*64 

I;; 

• 1 0*1  : 

^ 49.2 

»5.95 

-12.34 

AIO.27 

•9 

,55 

. 

i G > ' 

41,3 

-4,90 

-7,65 

-8,46 

-9 

*20 

|i 

>i  V 4 ,>• 

* C * 

SO  . 4 

-1.68 

-5,73 

>6,10 

-6 

*09 

; 

^0*4' 

17.7 

6, Cl 

-0.85 

>0.29 

2 

*17 

% . 
i:  ■ 

lCr3 

10,15 

6.21 

5.33 

7 

|57 

'11,01 
-7,41 
-8.46 
2,  0? 
7,70 

-?,86 

-8,56 

-7,34 

1,75 

8,35 

-11 . 04 
•11.12 
-9.15 
1.69 
8, 29 


132.67 
136. 41 
137.38 
134.49 
133.91 

127.77 

130.86 
132.55 

123.78 
128.73 

127.30 
132.09 
132,93 
130,52 
120,72 

129.86 

133.79 

133.37 
130,03 

128.68 

130.22 

135.02 
135,07 

130.43 
128,63 

130.61 

134,54 

133.71 

127.31 

126.43 

129.71 
133.65 

131.47 

126.38 
125 , 96 

128,80 

131.47 
l30.ll 

125.02 

123.32 


100,53 

108,76 

117,65 

126.55 

131,27 

95,02 

104.52 

112 .4  X 

121.74 

126.51 

96,24 

105.75 

113.72 

123.05 

126.98 

98, 37 

107.02 

116.73 
124.31 
127.78 

100.02 

109.51 
116*67 
125,13 
126,83 

99,97 

108.62 

116,64 

122.03 

122.98 

98,23 

106,45 

113.97 
119.81 
121.21 

96,91 

105.98 
11 1, '7  4 
118,01 
119.89 


111.0 

109.7 
107,3 
106.2 

103.9 

102.8 
103.5 

101.9 
101.0 

V«,4 

78.5 
Y V . 0 
'i7,7 
■17.9 

94.3 

95,1 

96.6 

94.0 

?3.4 

90.7 

Y>«8  ^ 

71.4 

92.1 

90.1 
0/  .4 

93.7 

91.2 

08.8 

05 , 9 

03.6 

90. 4 
88.0 

85.6 

03.6 

01.5 

08.3 
07, 0 

09.3 

01.3 
7 7,3 


HJ8C  SEA 
SPEED  temp 
<M7SJ  tCfeG) 

5,8 

8.0 

10.7 

12.4 

13.2 

9.6 

11.7 

13.7 

15.4 

16.0 

13:.4 

15.0 

16,6 

17.5 

17.9 

16.9 

18.0 
lD.6 

19.2 

19.4 

. l9.6 

19.8 
i’.« 

19.9 

19.3 

20.5 

20 .3 

20.1 

19.0 

18.4 

19.3 

18.7 
17.2 

15.8 

15.0 

17.1 

15.8 

13.8 

11.8 

10.7 


tRIQHT  SIDE) 

CEU.  COOSOlKATSS 


CUT 

(HR  HIN  SfcC) 

17  *4  15t3 
•17  44  13.9 
l7  44  22 tl 
17  44  24.9 
17  44  27.0 

17  44  45.8 
17  44  49,4 
17  44  52} 6 
17  44  55,4 
17  44  57,5 

17  45  16,3 
17  45  19.9 
17  45  23 Jl 
17  45  25,8 
17  45  28,0 

17  45  46,8 
17  45  50,4 
17  45  63,6 
17  45  56,4 
17  45  58.5 

l7  46  17,3 
17  46  20.9 
17  46  24 jl 
17  46  26.9 
17  46  29,0 

17  46  47,8 
17  46  51^4 
1?  46  54,6 
17  46  57,3 
17  46  59,5 

17  47  18,3 
17  47  21,9 
17  47  23,1 
17  47  27,9 
17  47  30.0 

17  47  48,8 
1?  47  52,4 
17  47  55,6 
17  47  58,4 
17  40  0.5 
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3193  BATA 


LAT 

tONa 

AZJNTH  I 

<D53) 

(DEG) 

(BEO» 

46,13 

-32.23 

179.0 

47.01 

-51.93 

179,3 

43,04 

-51.67 

179.7 

49,05 

-51.43 

180.8 

«?,59 

•51.24 

^184.1 

46,12 

-49.52 

181.2 

47,01 

•49.19 

181.5 

48.04 

-48, 87 

182.1 

49, 03 

-48.57 

163.0 

49,55 

•48,34 

134.6 

46,05 

-46.84 

183.5 

46,94 

•46.46 

184.0 

47,96 

-46.06 

134.3 

48,92 

-45.72 

183.1 

49,43 

-45 .46 

136.7 

45,89 

-44.16 

189.9 

46 . 79 

-43.73 

136.4 

47,79 

-43.30 

167.0 

48,74 

-42,69 

137.6 

49.24 

•42.69 

139.3 

45,67 

•41.50 

183.2 

46,56 

-41. 02 

188.6 

47,55 

-40,53 

188.9 

48,46 

•40.08 

139.9 

48,96 

-39 . 76 

191.6 

45.43 

-58.85 

190.3 

46,26 

-38.34 

190.8 

47.24 

-37.80 

191.2 

48,16 

-37.30 

192,1 

48.62 

-36,96 

194.4 

43,09 

-36.24 

192.6 

45,90 

-35.70 

193.0 

46,86 

-33.11 

193.4 

47,75 

•34 .56 

194.4 

48.19 

-.34.20 

195.5 

44,67 

-33.68 

194.7 

45,46 

-S3. *? 

199,0 

46.49 

•52.^46 

195.7 

47,  ?8 

-31.88 

196.7 

47,71 

•31.51 

198.7 

A 58 
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CTNC-U/R.  NO^TH  ATtANTtC: 

{RIGHT 

SIDE) 

KUMS  ■ 

IMCID 

A^GLE 

ideg> 

Scattering  cofernciENTs 

VV  HM  VH  HV 

tCS)  <D3J  {OBJ  <08) 

ANTSKNA 

V 

(D6G) 

TEHP5 

H 

(OfeSJ 

AtnZl 

(PEG) 

Kl^0 

spsao 

CM/Sl 

S£A 

TfcKP 

tr.8G) 

{HR 

qmt 

HIN  S8C) 

C6LU  COORDINATHS 
LAT  WCHO 

{CEG)  ICES) 

8193  BITA 
Al  l nth  rue 

<D6G, 

5A»2 

34.3 

34.4  : 

34. 5 

49,8 

41.4 

30.5 

18.4 

12*0 

•6.92 

•4.90 

-2.32 

6.o6 

9.75 

•IG.81 

-7.77 

•d-,27 

-1.90 

6.41 

-9,70 
-8.S2 
-6 » 17 
-1.35 
5.01 

•9,52 

-8,24 

-7,52 

2,62 

6,81 

134.63 
141.74 
143.14 
154. 48 
159,09 

101.22 

116.26 

126,21 

146.02 

154.18 

•7,0 
* 6r7 
12,5 
*>,5 

4 . 0 

10.6 

10.3 
9.8 
9.2 
9 .7 

17 

17 

17 

17 

17 

52  23.3 
52  26.9 
52  lOjl 
52  32.0 
52  35.0 

38,13 
38,78 
39,54 
40.24 
4 0,54 

•12.90 
•12.12 
-11.25 
-10.46 
-10. 02 

211.0 

211.3 

211.5  - 

212.5 
213.0 

35.1 

43*7 

•12.40 

-14,03 

145,45 

-13. 3 

7,4 

17 

52  53,1 

37,19 

-10.93 

212.3 

15.5  ^ ; 
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SCAN  IHCIO  SCATTGRINS  COgfFlClSNTS 


AHSLE 

vv 

HH 

"VH 

HV 

C!)£G) 

<D0) 

<DB> 

(DB) 

*f8 ; a 

»9.l0 

«i4a3 

-14,8? 

•20.62 

: ? , 2 

”5.91 

-9,07 

-9,94 

-9,25 

;scaJ> 

-4.90 

•6,93 

-9,04 

-10 .89 

18  tO 

5.24 

-3.32 

-1.96 

1.58 

i3:.5-  ; r/V 

■|0,7  '5.57  -10,23  ”7,93  -9,16 

.51 . c •5.51  -7 .26  “•9 , 51  -10,69 

150-5  -4. 15  — 7,61.  . ”9,38  : ”6,64 

:.8,i  6,16  -2.62  -1.01  2,25 

M,3  9.30  6.71  5.74  7,75 


-:,i 

48,6 

-7.51 

-10,30 

-9,95 

-13fl9 

; ':'4 :2  ' 

41,4 

-7.90 

-9*87 

-9,55 

•10f7l 

30,5 

-5,0  4 

-7.16 

-7.91 

-8,64 

; j ♦ 4'- 

:.e,i 

6.38 

-2,72 

-1,36 

2.87 

• t » 5 

: r;iy4: . 

10,53 

6.76 

■ 5.55 

7r2Q 

‘yI" 

48.7 

-6.21 

-9.68 

•9,21 

•I3tl9 

/ 4:.-2  : 

41.4 

-5.93 

-8  . IQ 

-8,03 

^10i73 

. 3' 

:i0a5 

-3,47 

-6,20 

•7,45 

-6,77 

t; 

:.8.2 

6,22 

-2.14 

-0.96 

2.55 

; ::u.6v 

9.72 

6.50 

^ 4 9 95 

6,44 

48,7 

-6,03 

-10.32 

-9,22 

-9,48 

2^ 

41 ,4 

•3.28 

-6.59 

-7/55 

-7,55 

: 

30.5 

”0.97 

-4.28 

-5,09 

-6/18 

; 

: 3 ; 

6,54 

OVlO 

'0,45 

2,78 

: 

11  6^ 

9.56 

6.58 

5, 20 

6,49 

<1 8 , 8 

-6.89 

-13.72 

*^12.61 

•10,3d 

^ - 

41,4 

/-5.14 

- 0 . 68 

-8,79 

-8,78 

i r.3 

10 , 5 

-0,25 

-4,50 

•5,10 

-4,50 

: • 4 4 

: 18*3. 

7.17 

0 ,5.9  - 

0^37 

3,47 

10.20 

5,89 

6,96 

3 ^ , 1 

43*7 

-6.48 

•11 ,11 

nXO  >92 

•10.31 

:■ : *2 

4i:.  3 

-5 , l5 

•8,70 

-9.57 

-8,81 

5 :C  * 5 

-1.39 

-5,41 

-6 ,13 

-7 ,07 

3:  .4 

l8.3 

7.00 

-0.82 

•0,12 

3/31 

3 3.5:;:- 

U>9 

9,89 

6 ,78 

5/43 

6,97 

32,1 

^8*3 

-6,50 

-9*28 

-8,16 

•10,33 

3 3 v2^ 

i-1  *4 

• 4 ,62 

-6,97 

-8,16 

-8,98 

3ii3/ 

30*5 

-0.76 

-4,73 

-5.45 

-6,63 

32.4 

18.3 

7.31 

OiOl 

0,69 

3,97 

3 2.5 

11*9 

10.42 

7.46 

6,Q0 

7 ,29 

antenna  TGHPS  aspect 

V H ANCIE 

(DEC)  <Dt?)  (ilEG) 

127,06  97f34  Vl-l 


131.05  104 

130.56  110 

125.05  11<* 


127,92  96 

131.00  104 

130.52  111 

126.30  110 

125.44  122 

127.37  90 

130.54  104 

131.34  112 

128.01  120 

128,40  125 

127,82  96 

131.76  105 

133.48  116 

130.14  125 

131,36  130 

130.33  98 

135,11  106 

135,16  116 

132,71  127 

135,18  130 

130.27  98 

135.05  106 

137.31  116 

134,85  123 

135,11  130 

131.49  98 

137.55  107 

130,57  116 

134,80  124 

133.38  129 

131.05  97 

136.27  105 

137.68  115 

138,30  126 

140,22  132 


v29  »</,8 
.44  f<.3 
.45  B3.2 


,83  r/,0 

,26  £2.7 
,27  /V.5 
,85  /8.5 
,42  76. 4 

,51  ?'’.3 

,64  70,9 
,53  68,4 
,93  64,4 
,76  62.2 

,A8  . 62.4 
,82  58.9 
,85  56.5 
,29  52.7 
,46  «U,9 

,85  52,5 
,64  54.0 
,79  50.8 
,43  44.7 
.83  39.7 

,79  60.6 
,59  49,3 
.2?  42.0 
,87  54.0 
,30  30.1 

,31  29.2 

,3?  20.8 
,26  8,2 
,74  2.3 
,02  rl'2 

,04  2.6 
,68  -0.9 
,80  '5.6 
,80  5.0 
.00  0.7 
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. _ 1 .Kktak  A>A  An 


SPfetO 

IfcMP 

UAT 

LONG 

AZIHTH  FI 

IM/S) 

tCkO) 

tHH 

nn 

1 5&0> 

(DEG> 

<D&3> 

(DEO) 

15.4 

17 

40 

19,3 

44.18 

•31.19 

196., 

17 

48 

22,9 

*ir«f  t y;? 

•30.54 

197.2 

13,8 

17 

43 

26.1 

45  >88 

•29.87 

197.7 

13.0 

17 

48 

23  rC 

46,73 

*29.23 

193,8 

16,6 

17 

43 

49,8 

43,63 

•23.ee 

199.8  • 

16.7 

17 

48 

53  } 4 

44.38 

•26.04 

199.3 

16,1 

17 

48 

56}  6 

45,29 

•27 ,31 

199,5 

15.4 

17 

43 

59.4 

46.12 

-26, 66 

200.9 

15.0 

17 

49 

lr5 

46.31 

-26.26 

201.6 

20  i 2 

17 

49 

20,3 

43,00 

•26.25 

200.7 

19, 6 

17 

49 

23  i9 

43,75 

•25.57 

201,1 

ia>3 

17 

49 

27|1 

44.64 

•24.83 

201.6 

18 ,1 

17 

49 

29,8 

43>45 

•24.14 

202.6 

i7,a 

17 

49 

32,0 

45.83 

-23.74 

203.8 

21,0 

17 

49 

50,8 

42,34 

-23.83 

202.6 

21.1 

17 

49 

54,4 

43, 06 

•23.18 

203.1 

21,4 

17 

49 

57,6 

43,93 

•22.40 

203,5 

22,0 

17 

5 0 

0?4 

44.72 

•21.69 

204.3 

22.7 

17 

50 

2.5 

45,06 

•21.28 

205.1 

19.3 

17 

30 

21,3 

41,60 

•21.56 

204.5 

20.3 

17 

50 

24,9 

42,31 

-2  0 . 65 

205.0 

21,9 

17 

50 

28,1 

43,15 

-20.05 

209.2 

23.7 

17 

50 

30  ;d 

43,92 

-19.32 

206.3 

24.2 

17 

50 

33!0 

44,2? 

•13.89 

207,3 

15.1 

17 

50 

Mt8 

40,80 

•19.30 

206.2 

l6.6 

17 

50 

53,4 

41,50 

-18.57 

206.7 

18,6 

17 

50 

58/6 

42.33 

-17.75 

207.0 

l9.3 

17 

51 

It^ 

43,08 

-17.00 

203,0 

19/6 

17 

51 

3i5 

43,42 

•16.57 

203,9 

12.4 

17 

51 

22  f 3 

39.97 

•l7 .11 

207.8 

13.6 

17 

51 

25,9 

40,65 

-16.36 

208.2 

15.4 

17 

51 

29  tl 

41,45 

-15.52 

203.6 

16.3 

17 

51 

31}  8 

42,18 

-14.76 

209.7 

l6.:5 

17 

51 

34,0 

42.50 

•14.32 

210.2 

11.7 

17 

31 

52/8 

39.07 

•14.98 

209.4 

12;  8 

17 

51 

56,4 

39,73 

-14.21 

209.9 

12.7 

17 

51 

59,6 

40,52 

-13.36 

210.4 

l3.1 

17 

52 

2*3 

41,24 

•12.57 

211.0 

13.5 

17 

52 

4,5 

41,55 

-12.13 

211.3 
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Id 

w 

SI 


OOY 

24-1* 

%mn4 

CTNC 

-u/R. 

atlaniic 

• scattering 
vv  hh 

(08)  (DO) 

coqrrlcTEMTs 
VH  HV 

(DB)i  • (D8) 

antenna 

V 

(DEG) 

TEHPS 

H 

tDfcSI 

ADFhCT 

ANCIE 

(DbOj 

Hl30 

5P5&D 

m/sY 

-7,87 
• 6 ■ 8A 
-3.28 
2,28 
9.91 

•l2vOQ 
-9.27 
-8/15 
i -3/44 

6.87 

-9,96 
-8.15 
-8,05  . 
”-4,00  - 
‘5,53  ■ 

•10i30 

-9,77 

-8,08 

0.32 

6,01 

125.65 

I30i0< 

130,89 

128,88 

127,09 

92,56 

101,65 

113>U2 

iiv.io 

124,14 

118,1 

115/8 

114 .9 
115,1 

114.9 

11.3 

1^.1 

16.9 
l8 , 6 

19.9 

-7.35 

-6.84 

-3.33 

l.S5 

9.33 

-10.33 

-9,93 

-8.65 

-3.83 

7.62 

-9.97 

-9.58 

-3,05 

-4,71 

6,50 

•11,29 

•10,76 

-8,83 

-0,56 

7.19 

125,27 

133,49 

133.96 

132,39 

131,83 

95,17 
106, J7 
116,03 
1 2J , 2J 
131.43 

HU  ,9 
13  0.6 

109.6 

108.7 
1V9.8 

13.0 

15,2 

17*9 

18.6 

lY.7 

-6,72 

-6,85 

-2.50 

1.64 

9.43 

-9.68 

-9.36 

-7.3C 

-3.75 

7.50 

-9.97 

-9.69 

-7,48 

-4.50 

6.27 

-9.21 

-9.79 

-7,03 

-0193 

7,15 

131.26 

134,77 

135,29 

132.83 

132,70 

93.16 
10/ ,23 
11/ .83 
125.42 
150,50 

102.6 

101.3 

93,2 

Y6.5 

96,7 

13.0 
14.3 

15.1 
1.5.5 

15.2 

• 7.36 
-5.56 
-2.69 
1.40 
9.72 

-12.43 

-8.26 

-7/71 

-3,7  4 
7.69 

-11.32 
-a.  89 

-6,99 

-5.31 

6,35 

•10,30 

-9,69 

-6.59 

-1.5l 

7,62 

129.94 

134.30 

134,40 

132.83 

129,68 

97,71 
107/25 
116. 97 
122, ai 
12»,87 

YU  * ^ 
87/0 
82, 3 
7V.9 
/7.4 

12.0 

12.6 

13.0 

12,9 

12.7 

-0.74 
-6 .86 
-3.78 

t.l9 

9,82 

-10.34 

-9.35 

-7,71 

-4/24 

7.82 

-12,06 

-io.65 

-8.05 

-5,32 

6.59 

•10,67 

•10.78 

-8,34 

-1,89 

7,72 

129,95 

133,46 

133,93 

131.91 

131,36 

9^.6  0 

105,94 

115.63 

122.73 

127,56 

/4f9 

/3/7 

/l.7 

7U.9 

71,9 

11.2 

11.6 

12.0 

12.2 

12.6 

-8,24 

-6.80 

-5,l9 

•0,68 

-11. <4 

-9.37 

-8.66 

-5.98 

-11.32 

-9,69 

-ii*53 

.6,63 

-9,23 
-8,91 
•10 *57 
-3,38 

129.54 

133,90 

134,37 

1^3,24 

97,75 

107.24 

115.65 

122,35 

64 , 6 

64.3 

63.4 

61.4 

10.3 
10.3 
10.5 
10. 5 

S5A 

, _ Tfe^^F 

m/sY  AV^Q)  fHF  nin  St C) 
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C£U  COORD t?iAT£S 


5KT 


9193  DATA 


if  47  36 rO 
17  47  39 1 6 
17  47  42.8 
17  47  45.6 
17  47  47.7 


17  48  6j5 
17  48  10 li 
I?  48  13 f 3 
17  48  18.1 
17  48  18 1 2 


17  4B  37 tO 
17  48  40.6 
17  48  43f8 
17  48  46*6 
17  48  48 {7 


17  49  7.5 
17  49  11,1 
17  49  14.3 
17  49  I7;i 
17  49  19 f 2 


17  49  30,0 
17  49  41,6 
17  49  44,6 
17  49  47,6 
17  49  4?; 7 


17  50  8.5 
17  50  12^1 
17  50  15,3 
17  50  IS.I 


LSI 

LONG 

A2IHTH 

<D£0} 

(0=8) 

(DEG) 

44,64 

-146,49 

165,9 

45,63 

-146.49 

166,2 

46 ,69 

-146.54 

166.1 

47,41 

-146.53 

163. '9 

48,15 

-146.58 

166.1 

45,02 

-143.51 

158.1 

46,01 

-143,88 

168.4 

47,07 

-143.86 

163.4 

47,74 

-143.80  ■ 

“ 168,3 

48,69 

-143.06 

167,2 

45,33 

-141.32 

170.4 

46,32 

-141.22 

170,7 

47,37 

-141.17 

170,8 

43,03 

-141.05 

170 .5 

49,03 

-in.  07 

169.3 

45.58 

-138.69 

172.6 

46,56 

-138.55 

173.0 

47,62 

-133.42 

173.2 

43.24 

-133.27 

173.1 

49  • 27 

-133.24 

171.6 

45.76 

-136.05 

173.1 

46,73 

-135.84 

173.3 

47,77 

-135.66 

175.3 

48/40 

-135.47 

175.1 

49.41 

-135.38 

174.1 

45,86 

-133.40 

177.4 

46,82 

-133.14 

177,7 

47/86 

-132.89 

177,6 

48.49 

-132.67 

177.6 

JSC  •7/31/75 
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THIS  UJSTINQ  - 10/21/75 


. DOY 

25"lr 

1/25/74 

CTNC^ 

,t/R,  —north  PACIJIC 

SCAN 

NUHB 

14CID 

ANGLE 

(OEG) 

scattering 
W HH 

(DS}:; 

COBrriClENTS 
VH  HV 

(DB)  «DB> 

ANTBNNA 

V 

(DEG) 

TEMPS  A 

H 

( Dtq ! 

SPfcCT 

A^^UlE 

(DbG> 

2 .1 
2,2 
2,3 
2.  A 

2.5 

49,8 

42.1 

31.4 
23.0 

12.5 

• 9.1* 

• 9.49 
-6.7  4 
-0.5V 
10.24 

-9,73 
-11.8:1 
-10.65 
- 6 , 9 g . 
7,36 

-10.94 
-llv93 
-i3.l7 
-9 . 01 

"6.02 

-9t53 

•13,21 
•1.77  . 
6,96 

122.34 

126,24 

125.54 

123.54 
122,31 

88,  V5 
97,54 
105.11 
113,0? 
116,76 

CM  *5 
(>6.5 
&5/5 
0^.0 
61 A S 

^ ♦ 1 
<,2 

4.3 

4 . 4 

4.5 

49.7 

: 42/1 

31.6 

23.6 

1C. 9 

-11.47 

-8.60 

-6.81 

-0*51 

it.ia 

-13,76 

-10.85 

-10.65 

-7.63 

8.4V 

-14,52 

-i3.l6 
-9 ,50 
■ 7.35 

"13 , 2B  ; 
•11*94 
"26,38 
-2,36 
8,82 

124,19 

123,09 

127:.,45 
125 ,41 
121,14 

90,76 

99.35 

107,86 

114,93 

119,84 

/.J.5 
/S,A 
7 li  t 5 
71.8 
/'4,9 

6,1. 
6,2 
6.3 
6 . 4 
6 .5 

49.9 

42.2 
31,7 

23.9 

10.3 

-8.78 

-5.90 

-4,00 

0.93 

11.25 

-11,1?^ 
-9.9  6 
-9.25 
-4.70 

8,55 

-10.94 

-io.57 

-9,4? 

-6,66 

7.66 

•13,28 

"12,10 

-9,53 

-1,33 

9,05 

126.04 

129,47 
129 ,76 
126,41 
125,97 

92,51 

100,26 

109,25 

116,34 

120,39 

yy  *3 

itfi 
86 .2 
8/V6 

V \5 . 0 

5.1 

5.2 

3.3 

8.4 

5.5 

49.9 

(2.2 

31.7 

24,0 

10.3 

S6.95 
- 6 .02 
-2,56 
2.14 
11.09 

-11.14 
-9.40 
-7.75 
-4 . 03 
8.62 

-10.94 

-9.73 

-8.74 

--5,82 

7,79 

"10,35 
•10 1 83 
-7,57 
-0,82 
6,74 

126,97 
■ 130.88 
128*14 
128,72 
124,80 

93,85 

102,46 

110,23 

116,89 

121,79 

nu.o 

iUV,Q 
ICV.  0 
lii  -2 

10.1 

10.2 

10.3 

1D>4 

10,5 

49.9 

42,3 

31,8 

24/3 

10.5 

-7,41 
■ -5.21 
-2.2‘2 
2.26 
10.75 

-10.39 

-9.33 

-7.29 

-3.79 

B,:65' 

, 03  . 
-8,?ir 
-6,96 

7,46 

"10  1 35 
-8,86 
-6,64 
-0,06 
8,57 

128,74 
! 132,66 
132,17 
130,61 
■ 129.19 

96,0  0 
105,03 
114,21 
120V 02; 
126-.9? 

128.8 

129.7 

13U.7 

I'^V.l 

12.1 

12,2 

12.3 

12.4 

12.5 

50.1 

42.3 

31.6 
>4.5 

10.7 

. -7.il 
• 5.61 
-2.03 
2.42 
10.77 

-9.74 
-10.07 
-7.76 
-3.63 
3,4  2 

-9,27 

-9,74 

-7,53 

-4,03 

7,21 

•10*71 

-9,74 

-7,66 

-0,74 

8,36 

129.68 

134,44 

134,90 

133,73 

133,57 

98,16 

107,61 

117,77 

123,59 

;m3o,5o 

137.5 
13  A,  5 
loft  .4 
lift  .9 
138,2 

14.1 

14.2 

14 .3 

14 .4 

14.5 

5 0.1 
42,3 
51.8 
24,7 
11*2 

• 7.60 
-5.30 
•2.06 
2.10 
10.53 

-9.51 
-8.3  2 
-10,12 
-3.68 
8,13 

-9, .01 
-9,74 

-8,95 
i -4,03 
7»10 

•11,31 
•10 ,83 
-7,09 
-1,04 
8 ,53 

132.00 
137,99 
139.87 
141,35 
14  6,65 

102.85 
112,80 
123 j 13 
130,72 
141,37 

137,2 
137.1 
13^2 
137, 5 
16  7.9 

16.1 

16.2 

16.3 

16.4 

16.5 

3G.0 

42,3 

31.9 

24/3 

-6. 69 
•5.30 
-2.41 
-21.38 

-10.67 

-9.47 

-8,28 

-10,37 
-9 , 65 

•11,32 

-6,36 

-7,66 

•21,78 

141,45 

150.06 

156,72 

161.74 

116,17 
128, 60 
142,93 
156,25 

13U.0 
131.7 
13  3 . 7 
135,3 

A 62 


WINP  SEA 
SPEED  ThKP 
tK/S)  KWr 

6v9 

7.7 
8.2 
8,6 

8. V 

6.7 

7.7 

8.5 

6.9 

9.  A 

6 .ft 

7.7 

8.6 

9.0 
9f< 

7.4 

8.0 
0.8 
9.1 

9.7 

9.1 

9.5 
10.0 
10.6 

11.9 
12.^ 
l2.*6 
12,8 

13.0 

13.9 
lA.O 

13.1 

12.9 

12V1 

13.9 
13.1 
11,8 
11.  i 
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GMT 

'C 

=UL  coordinates 

S193 

DATA 

HR 

HIN 

SEC? 

lAT 

(DEG) 

UOKQ 

{oes) 

A2IHTH 

CD5G) 

rUAfi 

17 

4 

18*5 

43,91 

-1*5.81 

162.9 

17 

4 

44,89 

-1*5.89 

162,5 

17 

4 

25*3 

45,95 

-1*6.02 

162/5' 

17 

4 

28,0 

46,65 

-1*6.07 

162.0 

17 

4 

fO  . 2 

47,43 

-1*6.19 

161.2 

17 

A 

49/0 

44,41 

-1*3.31 

164.5 

17 

4 

i2l5 

45,37  . 

-1*3.3* 

164.6 

17 

4 

55*8 

46,43 

-1*3. *2 

164.5 

-2 

17 

4 

58, 5 

~ 47,10 

-1*3.*1 

164,2 

17 

5 

P.7 

43,03 

-1*3.55 

163.1 

17 

5 

19,5 

44,52 

-1*0.76 

166.7 

17 

5 

23,0 

45,80 

-1*0.75 

166.9 

17 

5 

26.3 

45,85 

-1*0,77 

1,66 . 8 

& 

•17 

5 

29 , 0 

47,51 

-1*0.72 

166.4 

17 

5 

f 1 1 2 

43,50 

-1*0. B3 

164.0 

17 

5 

>0.0 

45/16 

-138.18 

169,0 

*p’  ^ 

17 

5 

53*5 

46, 15 

-133.11 

169,0 

17 

5 

56*8 

47,20 

-133.08 

169.0 

^ o 

17 

5 

59.5 

47,85 

-133.01 

168,8 

17 

6 

l!7 

48,85 

-138.05 

166.9 

17 

6 

20*5 

45,45 

-135.56 

171.2 

t'A 

17 

6 

24  jo 

46,43 

-135.** 

171.3 

17 

6 

27.3 

47,48 

-135.36 

171/3 

17 

6 

30. 0 

48,11 

-135.23 

171.0 

17 

6 

32.2 

49,12 

-135.22 

169,9 

17 

6 

>1,0 

45.65 

-132.93 

173.5 

ig 

17 

6 

>4,5 

46,64 

-132.75 

173.5 

17 

6 

>7;o 

47,69 

-132.6.1 

173.6 

17 

7 

0.5 

45,30 

-132.** 

173.1 

17 

7 

2j7 

49/31 

»132.38 

171.8 

17 

7 

21.5 

43,79 

-130.27 

175/8 

17 

7 

25,0 

46/78 

-130.05 

173.9 

17 

7 

26 ; 3 

47, 52 

-129.6* 

175.3 

17 

7 

31 . 0 

43,41 

-129.6* 

173.5 

17 

7 

33,2 

49,41 

-129.52 

174.1 

17 

7 

>2.0 

43,87 

-127.60 

178.0 

17 

7 

>5^5 

46.85 

-127,3* 

175.3 

l7 

7 

>6**3 

47,68 

-127,07 

l78 , 3 

17 

B 

1*5 

46,46 

-126.83 

17B.2 

-2 
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DQY 

27-11 

1/27/74 

CTNC- 

i/R.  ve: 

SCAN 

IKCID 

1 

: SC 
vv 

(D9» 

ATTERt^iO 

HH 

IDS) 

coernctENTs 
VH  HV 

IDB)  {D55 

ahtenha 

V 

<DEG> 

2,1 

2,2 

2.3 

2 . 4 

2.5 

49.0 

41.7 

31.0 
20.-7 

15 .7 

¥7.77 

-6.37 

-6.23 

1.33 

5.88 

all. 51 
-10*33 
-7.63 
-7,04 
3.56 

-10.41 

-12.13 
-9.00 
-8.05 
■ 1.78 

-13.02 

-11.04 

-'9.87 

-0.22 

2.19 

129.80 

134,16 

134,21 

130.97 

130,83 

4,1 
4 1 3 
4,5 

49,  X 

41,7 

31,0 

21.5 

16.2 

-7 .96 
•6.32 
-4 .62 
1.06 
4.98 

-12.83 

-11.20 

-8.53 

-5,53 

2,77 

-11.72 

-12,28 

-9.10 

-6.74 

0.72 

-12  a7 

••lit  04 
•11 .95 
-0.58 
if  16 

133,19 

l36,7i 

136,00 

133.97 

132.97 

6.1 

6,2 

6.3 

6.4 

6.5 

49.2 

41.3 

31.1 

21.3 

16.2 

-7.29 
-7.69 
-5 . 8 4 • 
0.66 
5.03 

^14.11 

-11  a? 

-3 .45 
-6.03 
3,29 

-l3,01 

-12.27 

-9,72 

-7.03 

1.63 

-11 *69 
•11.03 
•10.78 
— 0 1 83 
1.5l 

134.09 
138 , 01 
133.63 
135,28 
131.23 

3 i 1 

a>2 

2, 3' 

5.4 

5.5 

49*2 
41,.B 
: 31  a 
22.0 
i6a 

-10.35 
-9.72 
-5.7S- 
0 • 57 
5,47 

-14*11 
-11*08 
-9,48 
^6 . 79 
3*60 

-14,86 
::-i0,90 
,'-10.61 
: -8.42 

: ;i»57 

-12,99 
-12,26 
>9.73 
-It  11 
1.59 

134,03 
: 137. 96 
l3  7 1 2 4 
133.47 
132.46 

la,l 
ID,  2 
10,3 

<9*2 

41,3 

31.1 

22.2 
15*9 

'•9.54 

-8,33 

.6.25 

0.90 

5.64 

-11,45 

-9*65 

-9*57 

-5*67 

3,92 

-12.09 

-ii.9;t,' 

, -6,44  ' 

-12,99 
•12,42 
•13.81 
-O.Sl 
a.  03 

: 135,29 
138.34 
137,19 
l34,29 
: 131,99 

iz^t 
12,2 
12*3 
12,^' 
. 12,5 

49,3 

41,9 

31.2 

22.3 
15.7 

-8,83 
•7.  l6 
-5.53 
1.Q2 
6.20 

-13* 5 i 
-9.63 
^6*50 
-5. 48 
4,00 

-10,36 

-10, ss  : 

-10.74 

-7,2? 

2,23 

-11.67 
•11.01 
•l3 1 8l 
-0t79 
2.22 

139,94 

140.41 

139,38 

137.35 

135,84 

14  ..1 
1 *♦ . 3 
: 14.5 

: <9,3  : 
<1,5 
31,2 
■-  22 1 4 

-.i5;.7;:' 

-7.54 

-7.21 

•3.39 

2.39 

2.58 

-12.39 

-9,00 

-9.55 

-4.02 

0.25 

-12.42 

-9,03 

-9,06 

-4,36 

-0.69 

•11,26 
•11 ,13 
•6.54 
-0.14 
•0,67 

136.90 

141,26 

140,64 

130,62 

144,42 

: ^ . 1 
^ , 2 
: ;1‘  ,3 
If  ,4 
IS, 5 

49 . 3 

■ -8.24 
-7.20 
-4.85 
C.73 
6.31 

-15.94 
-10.23 
-1C. 29 
-5.31 
4 . A5 

■ -12,96  : 
-12.08 
-12,09 
-6,41 
2,61 

-12, 96 
•12,41 
-9^,52 
-1,06 
2,77 

136,85 

140,78 

140,59 

139,00 

136,61 

or  KEXJCO 


TEMPS 

ASJ'hCT 

WIKC 

H 

ARULE 

SPEED 

{Dfc5> 

(Ufca; 

IH/S) 

95.66 

85.4 

1.6 

105.29 

7v,;5 

la 

113,66 

6U*9 

0.5 

119, U6 

0.3 

123.96 

- A 4?  , 7 

0,5 

99,17 

<0.2 

2,0 

108,72 

1.7 

115.44 

•U,7 

1,6 

123,9? 

•iv,o 

1.7 

124,80 

-iy  f 7 

1.9 

101,29 

1>*0 

3.0 

111,25 

3.0 

118,91 

• ?,0 

3,0 

123,44 

3 

3.2 

127,36 

•IV  *3 

3*3 

102,55 

3 . 6 

4*5 

110.76 

• 5i!  * < . 

4.5 

ll9-,29 

• b . 9 

A ,5 

125,13 

\ -IV. ' 

<■  a 

124.73 

. . •i^.3  ^ 

103 ,34 

-^*7 

5.2 

111.13 

• 6 * 7 

5.5 

118^37 

•9*3 

3,3 

124,20 

•10,6 

5.2 

126,82 

. •11.7 

5.2 

108,81 

•9.9 

5 a 

113,67 

•10.9 

5.5 

121 . 85 

• ii,7 

5.5 

127.25 

-il.3 

5 . 6 

128,96' 

•:a,9 

5.6 

105,40 

>1<*4 

5 a 

114,04 

-1^*1 

5.5 

123,10 

•15,9 

5*6 

129,87 

•14.5 

. 6.0 

137,05 

•14*5, 

6*0 

104.92 

-16.0 

5,7 

114.83 

•1/a 

5*9 

121,30 

-1^^. 

6 a 

128,46 

•l:>p3 

6*3 

131,85 

•15*7 

6.3 

(RIOMT  SIDE) 

BHT  CEU.  COOROIMA^TES 

LAT  ■ U0N5 

«MR  rtJN  SfcC)  ICSQ)  tDEG) 


12  IS  59,3 
12  16  2.8 
12  16  6 , 1 
12  16  8j8 

12  16  lltO 

12  16  29.8 
12  16  33j3 
12  16  J6.5 
12  16  JVjS 
12  16  51 ! 5 

12  17  0.3 
12  17  3.S 
12  17  7.0 
12  17  9,8 
12  17  i2i3 

12  17  30.8 
12  17  34.3 
12  17  37.6 
12  17  40.3 
12  17  52,5 

12  18  1.3 
12  18  4.8 
12  18  3j0 
12  18  10,8 
12  18  13,0 

12  18  31,3 
12  18  35.3 
12  16  38,5 
12  18  41,3 
12  18  43,5 

12  19  2,3 
12  19  5,8 
12  19  9.0 
12  19  11,8 
12  19  14.0 

12  19  32.8 
12  19  36.3 
12  19  3?; 5 
12  IV  42.3 
12  19  44.5 


7.72 

8.47 

9.30 

9.91 

10.28 

9,20 

9.95 

10,78 

11.33 

11.76 

10,67 

11.42 

12.25 
12.65 

13.25 

12.11 

12,38 

13.71 

14,31 

14.73 

13,56 
14,33 
15 , J 7 

15.77 
16.19 

14.99 

15.77 

16,61 

17.21 

17,65 


S193  P*7A 

A2IKTH  riAQ 
<32G) 

129.4  -2 

129.7  -2 

129.1  -2 

128.9  -2 

128.7 

129.8  -2 

129. 7 

129.7 

129.0 

128.7 

130.0' 

130.0 

129.3 

129.3 

129.3 

130.4 

130.4  , 

129.9 

129.5 

129.3 

130.7  ■ 

130.7 

130.3 

129.3 

129.7 

130.9 

130.9 

130.7 

130.3 

129.9 

131.4 
131.1 

130.9 

130.3 

130.5 

131.8 

131.5 

131.4 
1-30.8 
13C.7 
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DOY  27-lr  XtrmA  CTNC-L/Rf  WEST  OF  nfcKlCO  SIDE) 


5CAN 

INC  ID 

SCATTERING 

COfcFriClENTS 

antenna 

TEWPS 

ASPi:CT 

WUD 

SEA 

OMT 

CELL  COORD r nates 

S193 

‘*UH3 

ANGLE 

vv 

HH 

VH 

HV 

V 

H 

ANGLE 

SPEED 

tfcWP 

LAT 

LONG 

AZI«TH 

(DcG) 

ID8) 

(DB? 

|D8) 

tDB) 

(DEGJ 

tDfcO) 

(VcG? 

<«/Sl 

tCfcC) 

<HR 

MIN  SfcC) 

(DEGJ 

COEO) 

<DEG) 

49.4 

•3  # 02 

-13.51 

-12,40 

-9,56 

133,99 

102,61 

-23,2 

6,3 

12 

20 

3,3 

46. -10 

-135.13 

I32f2 

ia.2 

41.9 

^6 ,63 

-10.27 

-10,86 

-9,92 

139.03 

iiivi? 

*20.1 

6.5 

12 

20 

6,3 

47.19 

-135 .67 

132*1 

13.5 

31,2 

•4,57 

-8.97 

-9,7? 

•9,81 

137.95 

119, ix 

-18.9 

6.7 

12 

20 

10  tO 

43,05 

-136.32 

131.9 

13.4 

18.5  ■ 

22.4 

1.24 

•4*56 

-5.27 

-Of  77 

135,49 

124, >2 

-19.2 

6.8 

12 

20 

12  r3 

43.65 

-136.74 

131.2 

20.1 

49.4 

•6 ,47 

-13,77 

-12.65 

•13,19 

132,53 

99.75 

-29,6 

7,0 

12 

20 

33,3 

47.81 

•133. 82 

132.6 

20.2 

41.9 

•6,4  7 

-10.52 

•11.11 

•Hill 

136,<!6 

108. «3 

•26*5 

7 ,4 

12 

20 

37f  3 

46,61 

-134.37 

132.5 

2C.3 

31.3 

-5,£)9 

-9.14 

-9.13 

-10,97 

134,B2 

116, «a 

-27,3 

7.7 

12 

20 

40^6 

l9,-(7 

-133.01 

132.3 

2e  . 4 

22,5 

0.70 

•5.8  7 

•7.21 

-1.45 

132.34 

121.41 

-24,7 

7.9 

12 

20 

43,3 

20,07 

-133.43 

131.7 

20  r 5 

15.4 

6.55 

4 -,-59 

2.64 

2i66 

131,81 

124,08 

-25.0 

Q.O 

12 

20 

55^5 

20,52 

-135.74  - 

- 132.0 

22.1 

49.6 

-10,03 

-12.22 

•12,13 

•12,35 

131.17 

99,27 

-68,3 

7./ 

12 

21 

4f3 

19.19 

-132.46 

133.3 

22 . 2 

42;  Q 

-6,86 

-9,8  5 

-12,30 

•10,15 

135,56 

107,08 

-37,3 

8.1 

12 

21 

7.3 

20.00 

-133.04 

133*3 

22,3 

31,5 

•4, BO 

•10.41 

•10.95 

-10*  04 

133. Op 

115,09 

3.4 

12 

21 

11,0 

20,86 

-133.69 

133.1 

22.4 

22,6 

0,39 

•6,37 

-7*50 

-1,60 

131,43 

120,92 

•-^9,4 

3.6 

12 

2i 

13,3 

21.4  7 

-134.10 

132.4 

22.5 

15,4 

6.57 

4.23 

2,58 

2,70 

130,47 

123,17 

•2V.5 

8,8 

12 

21 

16.0 

21 , 93 

-134.41 

132.5 

24  , i 

49.7 

-8, 8 0 

•12,20 

•11.07 

•9,79 

130.20 

96.66 

-46,7 

8,2 

12 

21 

34.a 

20,57 

-131.13 

133.7 

24.2 

42.0 

•7. 61 

•10.50 

•iX,09 

-12,29 

133,79 

105, 75 

•43.7 

S . 4 

12 

21 

33, 3 

21,39 

-131.68 

133.7 

24,3 

31.3 

-6.02 

-9,76 

-i2f0? 

-12 .12 

131,66 

112,84 

•39.6 

8.5 

12 

21 

51  VS 

22.26 

-132.32 

133.6 

24,4 

22.6 

0.l7 

•5.69 

-6*92 

-If  75 

130. 05 

U9,V9 

•3  A r 2 

3.5 

12 

21 

44  j3 

22 . 37 

-132.73 

133.2 

24.5 

15.3 

6,40 

4,35 

2.5? 

2,67 

120.69 

121,8,5 

••55,1 

8*5 

12 

21 

46, 5 

23.34 

-133.05 

133 .1 

26.1 

49.7 

'•8.79 

-12,20 

•12,11 

-Ilf  45 

129.33 

95,75 

S . 3 

12 

22 

5*3 

21,92 

-129.75 

134.5 

26.2 

42,0 

•9.03 

-11.17 

•12,13 

•10,14 

1 3 3 , 3 i 

104.84 

-50,3 

8,2 

12 

22 

8, *3 

22.76 

-130.29 

134.3 

26,3 

5i;3 

• 5 .30 

-8.55 

-9*05 

-9il6 

132, OA 

112,  .54 

-47.1 

8.1 

12 

22 

12*0 

23.64 

-130.93 

134.1 

2 6 .*■  4 

22,7 

0.35 

•6.01 

-7,51 

•1,83 

128,69 

118. i9 

•47.7 

c.i 

12 

22 

14*3 

24,25 

-131,33 

133.7 

26.5 

15,2 

5,58 

4.54 

2,63 

2 ,75 

126.91 

119,62 

-44.3 

8;i 

12 

22 

l7  f 0 

24,73 

-131.65 

133.3 

- 

49.6 

• 9 , 72 

-12.20 

•12,10 

•11,87 

123,46 

97,69 

-^1.2 

7.9 

12 

22 

35,3 

23,76 

-123.34 

133.2 

2 5.2 

42,0 

-7.79 

•10.40 

-10,95 

•li  t 07 

131.56 

102,66 

-79,1 

7.7 

12 

22 

35,3 

24,10 

-127.06 

133.1 

23.3 

31,3 

•6.37 

-10.38 

• 13,67 

-12,09 

129.79 

110,10 

-44  . ? 

8,2 

12 

22 

42.5 

24.99 

-132.33 

134.9 

"3,4 

22,8 

•0.24 

-6.0  0 

-7,50 

•It  99 

127,76 

116. 

-146.6 

6.5 

12 

22 

45;3 

25.60 

-ljO.43 

131.6 

2a,  5 

I5.l 

6,58 

4.4  2 

2.70 

2,59 

126,86 

119,57 

64.9 

2.0 

12 

22 

4 7 f 5 

26.10 

-98.74 

134.1 

20  a 

49,7 

-12.81 

-12.18 

^13*43 

•lit  85 

127,90 

93,08 

•n,9 

7.7 

12 

23 

6i3 

24,60 

-126.68 

135.9 

,42. 0: 

•9,o9 

-11,24 

-12.26 

•12 ,43 

131,07 

100 ,90 

-/I,  6 

7.3 

12 

23 

9,3 

25.43 

-127.42 

135.8 

:'2.3  : 

31.3 

•7,21 

•10.33 

^16,20 

-16,22 

129,29 

110,48 

-vi,i 

3,0 

12 

23 

13  rO 

26,33 

-126.05 

135,7 

::.4  ■ 

-l,l6 

•8.14 

•10)01 

•2.85 

125, 9^ 

115,45 

8 .3 

12 

23 

15,8 

26.96 

•128.44 

135.2 

• :>5  2 

■Vt5,3.  ■ ■ 

6,54 

4*57 

2.75 

2,61 

125,07 

1X8,66 

•75,9 

8.5 

12 

23 

19,0 

27,46 

-123.76 

134.9 

.2: 

^49,7  ■■ 

•9.x  5 

-13.71 

-^14,17 

-11.05 

l?6,2l 

91,75 

-06,6 

7.7 

12 

23 

36, 3 

25,90 

-125.40 

136.6 

:2.2  . 

42.0 

•3,41 

•11.13 

-10,02 

-12.41 

130,17 

100*85 

-89,3 

7 ,7 

12 

23 

4 0.3 

26,75 

•125.92 

136.3 

2 2 ■; 

31,3 

• 5.93 

-12.03 

-13,65 

-10,76 

129.24 

108,24 

7.8 

12 

23 

43.5 

27,65 

-123.55 

136*4 

2 » 4 ■ 

22. g 

-0,40 

-5.93 

-a.  18 

•2,33 

125,89 

115,40 

-V6.3 

7.9 

12 

23 

46;  3 

23,20 

-128.93 

136,3 

22f5 

:15 ,1 

6,56 

4,66 

2*59 

2t80 

123,73 

117,32 

-V8,3 

S ,0 

12 

23 

43,5 

28 , 70 

-127.26 

135.3 
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DOY  27-tr  KEST  or  NtXJCO  (BIOHT  SIDE} 


5CAH 

INCID 

scattering 

COerrlClENTS 

antenna 

TEMPS 

\UHB 

angle 

vv 

m 

VH 

HV 

V 

H 

I DE  S I 

(DB ) 

<P8^ 

|DB} 

(D8) 

(DEG) 

(DbS) 

: : 

*8.77  . 

•13,71 

-12  r56 

-12,59 

128.63 

91,74 

34, 2 

<2.0 

-9.86 

•11.13 

-10,01 

-17,12 

130.54 

100,41 

3 4^,:  3 ■ 

31.4 

45.97 

-11, 11 

-13.65 

-12.06 

123.79 

109,54 

34 .4 

22, 3 

0,45 

-5.65 

-6,34 

-1,33. 

126.73 

116.70 

34  * 5 

i&.o 

7.01 

4,91 

3,14 

2,96 

125,44 

11  a, 16 

36.1 

49,7 

• 8,95 

-12.72 

-11,59 

-14,94 

126.53 

92,95 

34.2 

• ' <2. 1 ^ • 

-7.16: 

-12.12 

•io.99 

-10,37 

130.53 

IDO, 73 

36,3 

■j  1 . 4 

*4.97 

-9,66 

-12, 00 

-10,85 

129.18 

110,80 

36 , 4 

22 .9:  ' 

1.0  7 

-5.75 

•7,09 

-0,32 

120, 02 

115,33 

36  f 5 

is.o 

7.54 

5,33 

3,51 

3,58 

126.63 

119,40 

.3a.i 

<9.6 

-3,7  0 

>17.78 

-12.52 

-11,36 

127,81 

94,51 

33,2 

<2.1 

•6.39: 

-9,0  4 

-9.11 

-12,35 

133,04 

104,12 

36.3 

31,4  ■; 

-3.95 

-9.65 

•9,16 

•9,17 

133,51 

112, 93 

3a.  4 
33V5 

24,2 

131,05 

■f.  / 

JSC  • 

7/25/75 

, Tf^UTH  ^ 

6/18/75 

LAST  HUD 

ASffcCT 

w4d 

SEA 

GHT 

CELL  coordinates 

3193 

DATA 

SP5&D 

7EK? 

LAT 

LOKO 

AZIRTH 

rtAfi 

(H/5J 

tCfcGl 

(HR 

MIN  SEC) 

(DEG) 

IDEG) 

(DBG) 

-XvV,4 

6.9 

1? 

24 

7,3 

27 . IV 

-123.58 

■137.4 

-X » 4 

6 . 9 

12 

24 

lOi^ 

28,04 

-124.40 

137.4 

0 

7,2 

12 

24 

14,0 

28,95 

-125.00 

137.0 

— ,1  k 3 ,6 

7,5 

12 

24 

16,3 

29,58 

-125.38 

136.6 

•X'-^4 ,4 

7.7 

12 

24 

19 . 0 

50.09 

-125.71 

136.4 

ri'H,  3 

6,4 

12 

2^ 

J7|a 

28,43 

-122.31 

13B.3 

-139.2 

6.5 

12 

24 

5lf3 

29.30 

-122.82 

138,2 

-141,0 

6. 7 

12 

24 

44,5 

30,22 

-123.42 

138.0 

-l<iu . 5 

7,8 

12 

24 

47. 3 

30,85 

-123. SO 

137.5 

-If  9, 3 

7,3 

12 

24 

49,5 

31.38 

-124.11 

137.3 

5.9 

12 

25 

3.3 

29,67 

-120.71 

139.4 

-105,2 

5.7 

12 

25 

11,8 

30,54 

-121.20 

139.2 

-X5U,  9 

5.6 

12 

25 

15.0 

31,47 

-121.79 

138,9 

5.7 

12 

2> 

17>7 

32,03 

-122.09 

138.5 
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OOY 

2^*lf 

1/29/74 

CTNC 

-U/R*  NOnTH  FAOPfJC 

SCAN 

SUMS 

l?^CID 

AKOtH 

UfcGl 

scattering  COfcrFIClENTS 
VV  HH  VH  HV 

(09)  {091 {DB)  JOB) 

antenna 

V 

{DS5) 

tehps  ■ 

^ H * ■ 
(CfcOJ 

ANGife 

<iwr 

WlfiB 

SP&tlJ 

(N75) 

SEA 

TEMP 

{Cfcoi 

2 >1 
2.2 
2.3 
2. 4' 
2.5:: 

: 5C..1  : 

42.6 
32*0 
23v4 

14.6 

•8.60 
. •6.88 
*4.35: 
•Of  60 
7.37 

-12,81 

-9.32 

-7,75 

-5.09 

4,57 

-9,80 

-11,69 

-8.09 

-6,75 

3.05 

-I2i73 
^lOt  64 
-9,^0 
-3,03 
3,50 

125,91 

129.43 

129*40 

126.49 

125.61 

93,22 
101.46 
i 09,70 
115. is 
110.02 

XU  *9 
8*8 
V.7 

VJ5fV 

8.6 

7.9 

6,2 

5.0 

3.7 

4.1 

3oa 

•8.35 

-13,30  ; 

: •i2.-i?  - 

-UtCl 

127.21 

93.60 

W2,4 

7,4 

4.2 

4.3 

4 .4 
4.5: ; 

■:  52 , G 
24.0 
12*6 

*2. .77: 
0.73 
9.52 

-7,36 
^4,01 
6 ,50 

-7.56 

-5,69 

5.21 

*7.07 

-3,67 

6.19 

129,38 

129,11 

125,02 

111.07 

117,78 

120,56 

i^8,9 

5,4 

4.6 

4.1 

6,1 
6.2' 
6 ,3 

50.3 
' 42.7 

*9.28 

•7.43 

-13,30 

-16.32 

-9,60 

^12,70 

•10,77 

125.34 

129,43 

92,82 

101,05 

4y.4 
& 6 . 1 

6.9 

7,1 

6.4 

6.5 

a irl^' 
6.2 
/ 6 * 3: ' 

^ n .» -4  ^ ■ 

: S . 5; : 

50,4 
42,6 
: 32.2  : 

: 24,;5-^' 

■ 11,:  6:: 

*7.93 
•6.81 
-1.82 
9.91  ■ 

-12*82 
-10.73 
-a  ,70 
/.^7,:2i  ^ 
7.58 

-10.53 

-10,34 

-8.61 

'6,18 

Ml,  8 5 
-15,82 
-3,95 
7,75 

129,38 

127,54 

125.99 

124,27 

93,19 

101,41 

107,51 

115,27 

119,19 

e/,7 

/5,8 

/y»9 

7.9 

9,1 

9,6 

9.8 

9,6 

1C  »4, 

* r -f  2 : 

1 n .4 : 

50,5  ' 
42.9 
■ 32V2: 

: 24a/ 

11 T 5 

• B • 13 
-6.67 
-6.30 
-0.99 
9,81 

^9,95 

799.97 

-e,i5 

*-5,93 

7.74 

-10.28 

-10.53 

-8.62 

-7,00 

6.66 

-11.69 

-12,00 

-10,38 

-3,26 

7,64 

126.69 

129.70 
127.52 
126.30 
124.19 

92,f2 

100,56 

109,68 

114.20 

119,62 

- 4V9  0 

eu,7 

7J.6 

Y5.B 

8,8 

9.5 

10.0 

10.3 

11.2 

1 S rV 
:2,2. 
12.5 
* 2 ,4. 

:2.5 

;:.42.:e:^ 

2 j ,4 

24a 
: : ;ll. 6,:' 

*9.00 

-7,94 

-4.94 

-0.82 

9.50 

*^11.75 

-10.83 

-9.25 

-6.29 

7.l7 

-10,63 
-11,04 
-9,45 
-9.59 
■ 6,03 

-12,16 
-1 1 * 86 
-10,54 
-3,53 
7,19 

125,32 

128.45 

128,83 

126.37 

124.62 

92,70 

100.93 
109,68 

115.94 
122,14 

5U.9 
0 2.3 

82.3 

Vl.4 

0,9 
9.3 
10.0 
10 , 5 
11.3 

t4.1 

14^2  ; 
t 4 0 
:4,4 

^■;50'v6/ 

42,  a 
3*r,3 
: 25.1 
12^.0:; 

-10.03 

*7.94 

-5.61 

-0,50 

8.67 

--14.87 

-9,96 

>^12.82 

-6,10 

3.84 

-13.78 

-11.70 

-11,66 

-0.15 

5.60 

-12,72 

-9,72 

-llr7l 

-3,30 

7,04 

126.63 

130.53 

120,78 

126.07 

126,73 

93,54 

101,78 

110.50 

117, 20 
123.37 

»8.B 
e>,4 
/if.  5 
>6,3 
/9,6 

Sv3 

9X0 

9.8 

10.3 

11.0 

16.1 

16,2 

16.3 

16.4 

16.5 

50.5 

4 3,0 

32.4 

23 .6 

12.5 

*9,00 

•0,60 

-5.22 

-0.90 

8.60 

-11.77 

-10,74 

-8471 

6.69 

-11.69 

-10,53 

-10,36 

5,45 

-10.10 
-11 1 85 
-11,50 

-3 , 0 8 
6,74 

127.65 

132,22 

130.92 

130.21 

130.90 

94,34 

103,00 

111.75 

119,77 

127,22 

0U.5 
03.7 
6 > , 4 
e/,4 

>ua 

7.7 

8.4 

9.3 

10,0 

10.9 

A 66 


{RIGHT  SIDE) 

GUT  CELU  COORDlNATEI  81W  SAT* 


CAT 

W0N5„_ 

AZ18TH  iCAG 

xm 

MIN 

SfcCl 

{DEG) 

{OSG) 

{DEG) 

17 

25 

33 1 6 

45,71 

-149.30 

104.1  : ■ 

17 

fsb 

«V 

37,3 

46 ,6i4 

•148.38 

184.2 

17 

25 

401 5 

47t67 

•148.47 

184.3 

l7 

25 

'43,3 

4«i35 

-148.14 

184.4 

17 

25 

45|4 

46,97 

-147.85 

184,1 

17 

26 

4 ,2 

45,52 

-146.65 

166.6 

17 

26 

10!  9 

47,46 

-143.73 

186.6 

17 

26 

13.8 

48  *09 

-143.36 

186.8 

17 

26 

169  0 

4 6.B8 

-145.00 

186.1 

17 

26 

34.7 

45,24 

-144.03 

188.6  . 

17 

26 

38 15 

46,15 

-143.51 

188.9 

17 

27 

5t8 

44,90 

-141 . 47 

191,0 

17 

27 

89  8 

45,81 

-140.90 

191X3 

17 

27 

12.0 

48,81 

-140.32 

191.2 

17 

27 

14.8 

47,39 

-139.90 

i9in 

17 

27 

18.9 

40.28 

-139.42 

lava. 

s 

17 

27 

35.9 

44.50 

-133.90 

193.2 

x? 

27 

39,3 

45.39 

-138.31 

193,3 

17 

27 

42i5 

46,38 

-137.63 

193.6 

17 

27 

45?  3 

46.93 

-137.24 

193X5 

17 

27 

47.4 

47,84 

-136.71 

193,2 

17 

28 

6.2 

44,03 

-136.33 

195,1 

17 

28 

9,8 

44.91 

-133.75 

193,7 

17 

28 

13.0 

45.87 

-133.09 

195,5 

17 

28 

15.8 

46,42 

-134.62 

195.7 

17 

28 

17 1 9 

47.31 

-134.05 

194,6 

17 

26 

36,7 

43,49 

-133.90 

197,2 

17 

28 

40  a 

44.37 

-133.25 

197.6 

17 

28 

43.5 

45.31 

-132.55 

197.5 

17 

28 

46X3 

45.83 

-132.06 

197x7 

17 

28 

48.4 

46.69 

-131.46 

197.4 

17 

29 

7.2 

42,92 

-131 . 49 

199,2 

17 

29 

10,8 

43,75 

-130.80 

199,3 

17 

29 

14 10 

44,68 

-130.06 

’ 199,6 

17 

29 

17,0 

45,28 

-129.48 

199,6 

17 

29 

19.0 

46,01 

-128.93 

198.9 

10/21/75 
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DO Y 29-h  1/Z9/74  CTNC-L/R*  NORTH  P^CPrjC 


SCAN 

^UHB 

INGID 

ANGLE 

(D3G) 

SCATTER  I KO 
VV  HH 

(DSr  (DBS 

COt:mCl£NTS 
‘ VH  KV 

|DB>  tDB) 

antenna 

V 

tDEG> 

TEwpiS 

H 

(DEG) 

ASl'tCt 

anuLe 

i il’bG) 

ia.2 

13,4 

53V4 
42.9 
32,3 
• 2^,0 

-8.61 

-5t93 

*1.72 

■-14,93 

-11,70 

-10.76 

-7.46 

-16.25 

-11.66 

rfl.16 

•10r66 

-9.52 

*4,12 

136. 01 
140,08 
T 141. 15 

9/, 69 
10K,U4 

iiv,3/ 

13U,6b 

fi2.6 

61 ,5 
61.4 
f>lv3 

ia>5 

50 ,7 

143.14 

/5.1 

22,3 
c 2 1, 4 
2 j ,5 


(RISHT  310E1_ 

WiMJ 

SEA 

GMT 

CELt  cooroinates 

SPSbU 

Tt«P 

UAT 

i.oNe 

in/s) 

U’tO)  (HR 

MIN  SfcC) 

<DEG> 

(DEG) 

7,0 

" 17 

29  37.7 

42,29 

-129.13 

7.8 

17 

2V  41,3 

43,09 

-120.40 

8.8 

17 

29  44.5 

44,00 

-127.63 

9.4 

17 

29  47,3 

44.48 

-127 . 12 

6.6 

if 

30  8,0 

41.54 

-126 . 84 

SlfO  OAT* 
AZIHTH  fLAO 
{DEG> 

201.4 

201.5 

201.6 

201.7 


202.9 


JSC  - 7/25/75  S,  truth  - 6/18/75  UST  MUD  - yrSfVi 
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DOY  29-2.  i/29/74  CTNC-L/Rf  OF  HfeXJCO  <Rl(JHT  SIDE).. 


cm 

iNfilD 

SCATTER  IHecOlffTiClENTS 

antenna 

TEMp^ 

ASFtCt 

wiho 

SEA 

GMT 

CfeU  coordinates 

SlfS  -9 AT A 

.cm 

angle 

vv 

KH 

VH 

HV 

V 

H “ 

ANGLE 

SPEED 

TEMP 

lAT 

lONO 

AZIMTH  fUAG 

tO:b6:> 

(D9) 

losr 

- : |DB> 

(DB) 

(DEG) 

(DE6) 

(UtG) 

(M/S) 

(DbG) 

(MR 

MIN  SbC) 

{DEG} 

(DEG) 

(DEG)  ‘ 

50,4 

• <,29 

-6,26 

•7,60 

-6,7. 

185.75 

171.53 

-140,2 

5.7 

1? 

37 

47,0 

25,68 

•93.73 

222,2 

42,8 

•3,20 

•5,35 

-7,23 

-6,32 

189,56 

175,46 

-148,3 

5.4 

17 

3/ 

5tJ»5 

26.25 

-97.87 

222.3 

2.3 

32,2 

-6,35 

-7.69 

-9,33 

•15,81 

173.70 

165,70 

1/9.6 

5 . 1 

17 

37 

53,8 

26.66 

-96.93 

222.4 

2.4 

2.5 

23,9 

0,l7 

-5,76 

•7,4(J 

-1,25 

170,42 

164,74 

161,1 

5.6 

17 

37 

56.5 

27.26 

-96.29 

222,9 

<5 . i 

50^3 

•8#09 

•9.55 

•13,04 

•11,65 

154,15 

132,8V 

-148,0 

6.0 

17 

38 

17,5 

24. 38 

•97,25 

223.0 

^.2 

42.9 

^7,85 

-9.95 

-13.27 

•11,67 

155.91 

13/,64 

•1/0.2 

5,6 

17 

38 

21 ! 0 

24.52 

-96.39 

223.2 

4,3: 

32  ,.3 

•6.35 

•8.69 

. >10,35 

-13.26 

152,21 

139. U9 

164,7 

6.3 

17 

38 

24t3 

25,54 

-95.46 

223.3 

4.4  ■. 

24:,:-4 

•0,75 

-5.59 

•7,79 

-3,<1 

147.59 

137,54 

150  k 8 

7,2 

17 

38 

27,0 

25.89 

-94,85 

223.2 

4,5i 

12.6 

8,80 

7,20 

6,00 

7,00 

142,00 

148,12 

148,3 

6,4 

17 

38 

29,2 

26.41 

•94.09 

222.7 

^.1 

50;  4 

•10.26 

-11.38 

-40,25 

-11,64 

143,85 

119,65 

-15  9, 5 

3.7 

17 

38 

4 8,0 

23,05 

•95.80 

223.5 

6.2 

42*9 

•9,25 

•10.61 

•10,38 

•11,68 

146,47 

126,14 

-1/2.9 

3.7 

17 

38 

>l!5 

23.53 

•94.95 

223.9 

6.3 

32.3  ; 

•7,23 

>9.80 

•42,96 

-13,01 

143,38 

128,14 

1/6.3 

4 , 6 

17 

30 

54.8 

24.19 

•94.01 

223.7 

6:v<: 

24,5 

•4,0  7 

-8.37 

-l3 , 06 

-6,11 

140,07 

130, U4 

1/8.2 

3.0 

17 

36 

57  is 

24.52 

•93,411 

223.8 

6 »:i5;- 

: : : 

9.63 

5.72 

*4,80 

6,52 

133,76 

129,54 

-1//.5 

2V3 

17 

38 

59,7 

25.06 

•92,64 

1223.5 

^.1 

50,3 

•11,31 

-12,36 

•12,48 

.-11,67 

142,93 

117, 04 

•149.4 

2.2 

17 

39 

18,5 

: 21.71 

•94.39 

224,4 

3.2  ■ 

42.9 

-8.41 

-9.89 

•11,54 

-9,50 

145,98 

124,51 

-148.4 

ivv 

17 

39 

22,0 

22.22 

-94 . 54 

224.4 

3*3 

32.3 

w7,eo 

-12.64 

-12,99 

-13.02 

144,19 

128,92 

-125.5 

1,6 

17 

49 

25. 3 

22,83 

•92.61 

224.5 

3.4 

24,7 

•1,55 

-7,23 

-8,63 

-3,84 

141.74 

12V, V7 

-105,4 

2.0 

17 

39 

28 , 0 ■ 

■ 23.14 

-92.02 

224.4 

3.5 

12,0 

9,04 

7,36 

6,09 

7.52 

135,42 

131,60 

•85,5 

2.8 

17 

39 

30*2 

23,68 

•91.22 

224.5 

' 50.5  ;■ 

•10,62 

•10.59 

-11,23 

-12,12 

149,25 

126,40 

-115 ,9 

1.9 

17 

39 

49,0 

20.33 

-93.02 

224.9  -a 

r .2:  ^ 

42,9 

-9,36 

-9,25 

•:10,41 

-11^84 

154 f 85 

135,74 

-Y4,i 

1.8 

17 

3V 

>2!  5 

20,85 

-92.17 

225,1 

%3 

■ -.32.,:4^  ; 

•7.32 

-9,89 

-10.37 

-15.61 

155,51 

142,47 

- 8 / . Q 

2,0 

17 

39 

55,8 

21.43 

-91.24 

225.0 

^.4:v 

24v7 

•3.29 

•7,24 

•9.69 

-5,42 

155.75 

145.61 

-87.9 

3.6 

17 

39 

58,5 

21,74 

-90.64 

224,9 

C.5 

12,0 

9,0  9 

7.18 

6,30 

7,44 

149,58 

14/, 81 

-89.3 

4,7 

17 

4 0 

oir 

22.28 

•89.65 

224.3 

JSC  • 

7/25/75 

S,;  1RUTH  • 
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DOY 

30-1. 

y30/74 

CTNC-L/R,  tiC"TH  PSCiriC 

<R10HT 

SIDE) 

can 

l-SClD 

scattering  cotrricitNTS 

antenna 

TEMP? 

ASPinCT 

HlNO 

SEA 

6MT 

C6U.  COORDINATES 

A^iSLB 

vv 

HH 

r ” VH 

HV 

V 

H 

ATICjLE 

SPEED 

TEMP 

LAT 

1.0NB 

xttay 

COB) 

IDBl 

<D3) 

XpB) 

«DEGJ 

tD&a> 

C UtQ ) 

t M/S  S 

tCEG^ 

(HR 

nth 

1 SfcC) 

(DEG) 

CBEO) 

2.1 

49.7 

-3»29 

-10,84 

-10,55 

•I2tl0 

125.65 

92, *>2 

:*8,3 

9.4 

16 

42 

35.1 

*5,87 

-1*7.05 

2*2 

42,1 

^7,34 

-10,65 

-10*44 

-13*68 

127.97 

101*^4 

52*1 

7.6 

42 

38*6 

«4.8l 

''i*6. 71 

2.3 

51 1 4 

-5*11 

-9.88 

-13.16 

-10f2S 

126,50 

109, V3 

41,0 

5.6 

16 

42 

41,8 

*7.P" 

-1*5.35 

2,  A 

22 ,5 

0*32 

-6.26 

-7,71 

—It  4 1 

125.35 

115*44 

il.7 

5.3 

16 

42 

44,*6 

*8-/56 

-1*6.0* 

2.5 

15,2 

7*27 

4.88 

2,87 

3,51 

124.50 

117 *?7 

4 , 4 

5.5 

16 

42 

4 6 » 8 

*5^r09 

•1*5.00 

4, 1 

49.  e 

-8*66 

-11. 6B 

-10.55 

-9,71 

126.57 

95  , !>7 

66.8 

8,9 

16 

44 

5,6 

*5.75 

-14*.*0 

4 , 2 

■ 42.1 

•7 , 23 

-10,65 

-11.62 

•10,44 

131.36 

104,65 

4 8.6 

7.6 

16 

43 

9,1 

*6.68 

-1*3.99 

4,3 

31.5 

-6,65 

-12.92 

-26.33 

-11*40 

131.3, 

114,44 

26.6 

7.2 

16 

44 

12*3 

*7,70 

-1*3,59 

4 . 4 

25,0 

-0.14 

-6.80 

-10,16 

-1*66 

128.00 

118,40 

11.5 

7.6 

16 

44 

15*1 

*8,36 

-1*3.26 

4.5 

14.5 

8rl6 

5.71 

3,80 

4.62 

127.52 

121,64 

n*5 

7.6 

16 

44 

17,3 

*9.00 

-142.97 

6 i X 

49.7 

-6*61 

-12.05 

-12. li 

-10,55 

130., 2 

101,12 

M,!) 

7.7 

16 

43 

65,1 

*5.57 

-1*1.77 

: .2 

42,2 

•6*73 

-9,31 

^11.76 

•10,56 

134,86 

110,24 

40.2 

6.0 

16 

4 4 

39*6 

*6.47 

-1*1.32 

6 .3 

51,6 

-4. 80 

-IQ. 63 

-10,40 

-9*39 

131. B< 

115*26 

14.9 

8.5 

16 

44 

42.8 

*7.48 

-1*0.05 

i , 4 

23  ♦ 1 

1*50 

-5,66 

-7.31 

-0,83 

130.26 

121,54 

‘4,0 

8,7 

16 

44 

45  i 6 

*8.14 

-140. 48 

^ .5 

v;i5.5^  ■ : 

8,96 

6,65 

5,02 

5*76 

129,31 

124.64 

8.5 

16 

43 

47,8 

*8.02 

-1*0.15 

^ .1- 

49,  a 

-8,52 

-12,06 

-12.10 

-12,65 

130.88 

100,72 

18.3 

8.4 

16 

44 

6|6 

*5.30 

-139.14 

^.2 

42.2 

••7*85 

-8.65 

-3.6? 

•10*57 

133.53 

108,94 

'y,9 

8.8 

16 

44 

10  il 

*6.19 

-133.6* 

3 .3 

31.6 

-4*25 

-8,60 

-6.63 

-9*39 

132.25 

115,06 

0.9 
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131.70 

102,49 

7,0 

9*7 

16 
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44 
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16 
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45 
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187,1 

187.0 
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189.1 
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195.7 
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-5.56 

•8.12 
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-9.81 

200.45 

189. VI 
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42.3 

-3.81 

•5.07 

-6,76 
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*4.9 
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42.4 

-10.33 
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4,5 
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-6.04 
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•11,67 
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6.3 
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6.5 
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6,77 

154.54 

152,35 
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49.9 
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6.3 
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-5.63 
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122.45 
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23.7 

-1.38 

-7.96 

-11.70 
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138,37 
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6.5 

12.6 
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6,78 
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132,55 
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-10.58 
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-10.35 
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-13.45 

-11.93 

138,82 
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31.8 

-5.78 

-9,81 

-10,16 

136,65 
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-3.83 

-8.62 

-21.73 

-7.50 
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125,24 

-1U2.8 

X2.5 

3 2,3 

9.41 

6.03 

4,90 

6,05 

131,62 

124,43 

-01,0 

<9,9  -10,01  -11.68  -10.58  -l-t,50  130.73  112,34  -112.0 
<2,5  -7.86  -9,99  -l3,43  •10.58  141,38  llV.28  -lUO.l 
31., 9 -8.46  -9,92  -22,43  -15.78  139,47  124;02  -83.5 

12.4  23,9  -2.95  -6,28  -10.9?  -4,95  135.75  126.14  -/4,3 

12.5  12,1  8.96  6.63  5.67  7.20  129.50  128,72  -60.0 

14, 1 50,0  -3,69  -6,25  -7,14  -7,29  152,03  135,3/  -Y3.9 
;4,2  42.4  -7.07  -9.28  -10,4?  -9,65  146,96  128,67  -91-9 
:s.3  31.8  -6.70  -10.69  -X3,21  -11,45  143, 9c  132, U8  -82.0 
f,4  24.0  -2.12  -8.63  -10.21  -6,07  i39,69  133,14  ->7.i 
1-.5  11.8  9.49  7.02  5.90  7.47  135.53  135.13  -/0.4 

:..i  49,9  -2.44  -4,52  -5,72  -5,82  159.26  139.20  -102.3 
:-.2  42.4  -3.l8  -6.70  -7,66  -7,16  154.63  136,31  -95,4 
:*.3  31.8  -5.92  -9,94  -10.47  -10,49  146,96  13«,69  -H''9 
:‘.4  23.9  -0,60  -6,73  -8.60  -3,00  143.64  135,75  -Vo. 2 
:''.5  11.8  9.34  7.36  6,32  6,3l  140,68  142,43  -88.4 
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4,2 

16 

53 

56,7 

29.09 

-95.07 

220.0 

4.5 

16 

54 

0.2 

29.66 

-97^21 

220*1 

5.6 

16 

54 

3.D 

30.33 

-96.28 

220.4 

5.8 

16 

54 

6i2 

30.75 

•95.62 

220.0 

6,0 

16 

54 

8,4 

3 1 * 13 

-95.04 

220.2 

1.8 

16 

94 

27,2 

27.84 

-96,49 

220.9 

0.3 

16 

54 

30.7 

26,40 

• -95,62 

221.2 

0,9 

16 

54 

34 , 0 

29,06 

•94.69 

221.2 

1.3 

16 

54 

36,7 

29,45 

-94.05 

221.3 

1.7 

16 

54 

38,9 

29,89 

■ -93.40 

221.6 

3,9 

16 

54 

57,7 

26,57 

-94.93 

221.7 

3.4 

16 

55 

1*2 

27,12 

-94^05 

221.8 

2;  9 

16 

55 

27,76 

-93.16 

222.1 

2.8 

16 

55 

7|? 

28.13 

-92.52 

222.2 

2.6 

16 

55 

9f4 

28,61 

•91.83 

222.5 

4.6 

16 

55 

28.2 

25,27 

•93.43 

222,6 

4.1 

16 

55 

31  ia 

25,81 

-92. 59 

222.8 

3.2 

16 

55 

35,0 

26,43 

-91.65 
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2.3 

16 

55 

37,7 

26.80 

-91.03 

223.3 

1.9 

16 

55 

39,9 

27,29 

-90.32 

223.1 

3.8 

16 

55 

58.7 

23,96 

-91,97 

223,3 

3.5 

16 

56 

24,49 

>91.12 

223.6 

2, 9 

16 

56 

5.5 

25.10 

-90.19 

223.5 

2.4 

16 

56 

8,2 

25.45 

-89.57 

223.  !8 

2.1 

16 

56 

10  * 4 

23,94 

-68. S4 

224.0 

3.2 

16 

56 

29,2 

22.63 

-90.53 

224.0 

3,3 

16 

56 

32,7 

23,13 

-89.68 

224,1 

3.3 

16 

56 

36  ^0 

23,74 

•88.76 

224.5 

3.5 

16 

56 

38,7 

24.08 

•88.15 

224,3 

3.0 

16 

56 

40,9 

24,58 

•87,41 

225.0 

3.5 

16 

56 

59,7 

21,27 

-S9.14 

224.9 

3.7 

16 

57 

3,2 

21.78 

-88.23 

224.9 

3.7 

16 

57 

6 1 5 

22,37 

•87.36 

225 . 0 

3 . 7 

16 

57 

9.2 

22,69 

-86.76 

225.1 

4,0 

16 

57 

ll!4 

23.20 

•85.99 

224.4 

3.7 

16 

57 

30*2 

19.90 
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225.3 

3.4 

16 

5/ 

33,7 

20,40 
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225.4 

3.6 

16 

57 

37*0 

20.98 

-86.01 

225.3 

3.0 

X6 

37 

39,7 
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3.B 

16 

57 

4t,9 

21.80 
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VH 

HV 
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2.1 
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-13.18 
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92  } 04 
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ic.o 
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9.7 
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10.3 
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22.3 

10.6 
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49.12 

-160.85 
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46,70 
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183.9 

H ^ 
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25 , 9 

9.9 
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22.9 

0.34 
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9.9 
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48.43 

-158.28 
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3 ,5. 
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4.7:3 

3,15 

3,45 
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9.9 
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24.9 
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8.6 
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47,53 
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-7,14 
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114,66 

44.2 

8.6 
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48.22 
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7.21 
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3,38 
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125,49 
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45,35 
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12.2 

42,5 

-9.65 
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129,02 
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28.5 

8.3 

16  52  11,5 

46.25 
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188.5 

12.3 
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•5.18 

-9,46 

-9,03 

•9,06 

128,46 
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32.6 

8.1 

16  52  14 1 7 

47.27 
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168.4  - 

:2.4:: 

23,3 

-0.22 

^5,47 

• 6,43 

-2.26 

126,00 

115.V0 

3^.7 

8.0 
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47,92 
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12.  5 

13.7 

7.92 

5.41 

3,66 

4,18 
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3V,1 

7,6 
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48,60 

-152.37 

187.9 
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5C.0 

-7.96 

•10,49 

•11,21 
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127.14 

94,/^ 

21.4 

9.4 

16  52  J8,5 
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-151.54 

190.6 
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12.4 

-8.88 

-9,44 
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•11,24 

130.66 

101,31 

26.3 

8.3 

16  52  42,0 

45,94 
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190.7 

14.3 

31.9 

-5.ia 

-10.18 
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•10,99 

123.84 
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40 .2 

7.8 

16  52  45J2 

46.92 
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0. 

-.2 

-.0 
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30. 

16.7 
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5.0 
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-2 

5.0 

-7. 

4.1 

2.8 

24 .6 

230. 
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223. 

4.6 
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-.5 

7. 

3.5 

^3.0 

26.6 
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69. 

17.3 

6.7 
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-6.3 

-17.5 
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29.3 
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-9.2 

-.0 

16. 

-1.2 

-9.1 

23.9 
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23.7 
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5.0 
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K 
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-3.7 

-12. 

— .3 

5.0 

22-5 

40. 
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34 . 

4.4 

66. 

4.0 

1-8 

6 . 

3.0 

-2.3 

27.3 

24  U. 

22.4 

226. 

7.6 

207, 

-7.2 

2.2 

14. 

3.7 

-6*6 

21.4 
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16. 9 

200. 

a.i 
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1.6 

7.9 

22. 

.9 

-a.o 

2<i.O 

90. 

20.? 

75. 

4.3 

)29. 

6.5 

-5.2 

15. 

4.9 

-6.7 
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27.15 

6. 
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16.3 

-n  .5 

44. 

-9.7 

-17.4 

20.4 
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5.0 

97. 

5.0 

-.6 

-1. 

5.0 

:.4 

^4.4 

90. 
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3.7 
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-2.5 
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-2.6 

22.3 
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5.7 
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14  . 

1.8 
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30. 

24.9 
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21.6 
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4.9 

-2.3 

25.2 

300- 

2b. 3 

322. 

«*6 

?20. 

-6.2 

-7.3 

-22. 

-l.J 

9.4 

21.3 

oO  • 

13.U 

4 / *r 

«;>*  r 

79, 
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lU 

1073 

11 

12 

1973 

11 

13 

1^74 

1 1 

/'V 

1073 

M 

15, 

1^73 

u 

17 
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14.6 

274. 

-14.5 

1.1 

2.3 

49. 

1,0 

1.5 

4n,n 

310, 

-3Iu7 

25,7 

4*(> 

Ofbi, 

-4.0 

-.1 

.3 

4, 

,3 

5.3 

6.  a 

2<)0, 

- 6 , 7 

1 .2 

16.2 

233, 

-13.0 

-9.7 

1 .2 

156. 

.5 

-l.l 

A 25 

ii^’. 

7,7 

-3,7 

3 2,n 

172. 

1.7  -32.6 

3.4 

25. 

1,4 

3.3 

11 . 5 

169  . 

2.3  -U.3 

4 . 7 

90. 

4,6 

-.7 

a.  2 

UP. 

7.3 

-3.9 
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2.6 
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5.7 
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4 

37.9 
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9. 
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7.6 
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-7.2 

4 

30.2 

25P. 

22.3 

7. 

3.6 

20 . 1 

52. 

-9.3 

-26.7 

0 

a.  4 

270. 
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201. 

-31.6 

5.9 

2 . 
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-1.4 

4 

34.3 

217. 
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139. 

7.5 

-n.7 

-17. 
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304, 
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6.0 
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3.7 
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APPENDIX  D 


FOPxTRAN  COMPUTER  PROGRAMS 


D .1  BRIEF  DESCRIPTION  OF  THE  FUNCTION  OF  EACH  PROGRAM 


D .1 . 1 Proqrams  To  Create  or 

Modify  Skylab  Oceanographic  Dafa  Files 

MERGE 

Creates  Skylab  Oceanographic  Data  Files. 
Uses  subroutine  AAFEAC. 

DIVIDE 

Creates  two  Skylab  Oceanographic  Data  Files, 
one  of  scans  to  the  left  and  another  of  scans  to  the 
right,  from  one  Skylab  Oceanographic  Data  File 
whose  data  were  taken  in  the  CTNC  Left/Right 
mode. 

APPEND 

Used  to  add  components  to  the  data  vectors  of 
Skylab  Oceaniographic  Data  Files, 

SKEW 

Creates  from  an  ITNC  Skylab  Oceanographic 
Data  File  gnother  Skylab  Oceanographic  Data 
File  which  has  the  data  vectors  together  which  . 
contain  measurements  from  one  cluster  of  surface 
ceils.  The  data  vectors  of  the  new  file  are 
arranged  by  surfaoe“'cell  cluster  rather  than  by 
scan. 

D.1  *2  Program  To  List  Data 

From  Skylab  Oceanographic  Data  Files 

Program  List  (LST) 

Lists  components  ; any  function  of  the  components 
of  data  vectOfS  from  Skylab  Oceanographic  Data 
; Files,  ■ ' . . 

i '1  , 

Uses  Subroutine  LIST 

D.1 .3  Program  To  Create  Sl< 

:ylab  Oceanographic  Temporary  Data  Files 

Program  TRNGEN 

Creates  a Skylab  Oceanographic  Temporary 
Data  File  (usually  on  disc)  from  a Skylab 
Oceanographic  Data  File  (usually  on  tape). 

Uses  Program  Direetive  lnlerpre^er 
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D.1.4  Programs  To  Analyze  and  Display  Dat-g  From  Skylab  Oceqnographic  Temporary 
Data  Files 


For  CTC  data; 

Program  IMAGE  Ptioduces  images  having  13  shades  of  gray  by  over- 

printing on  the  line  printer  (See  Figure  5.1  for  an 
e;|cample).  The  image  may  be  of  any  component  of 
tHe  data  vectors  on  the  Skylab  Ocegnographle 
TOrnporary  Data  Files.  The  Program  will  also  produce 
a histogram  of  the  component  imaged, 

Uies  Subroutine  PITGHR  and  Subroutine  DF  (density 
function  calculator). 

For  noncontiguous  data; 

Program  SCATTER  GRAM  Produces  sciattergrams  of  pai  rs  of  components  from 

Skylab  Oceanographic  Temporary  Data  Files,  Symbols 
for  the  scottergrams  can  also  be  stored  in  the  data 
vectors . 

Uses  Subroutine  SCAT. 

Program  REGRESS  Supervises  linear  regression  of  any  components  of 

data  vectors.  REGRESS  prepores  the  data  files  and 
command  files  for  the  UCLA  Biomed  program  BMD02R. 
The  REGRESS  activity  must  be  followed  by  a 3MD02R 
activity. 

Program  Standard  Deviation  Calculates  the  standard  deviation  of  any  component 

of  the  data  vectors. 

Uses  Subroutine  STDV  and  Subroutine  FREEFORM. 

Program  AutOcorrelation^^^^^^^  ^ ^ . 

Function  Galculates  the  autocorrelation  function  of  any  compon- 

ent of  the  data  vectors.  The  standard  deviation  program 
should  be  run  first  because  this  program  requires  an 
estimate  of  the  standard  deviation  apriori . 

Uses  Subroutine  AUTCOR  and  Subroutine  FREEFORM 

Program  Maximum  , , , , 

Likelihood  Estimator  Used  to  find  simultaneously  the  maximum  likenhood 

estimates  of  linear  regression  coefficients  and  error 
covariance  matrix. 

Uses  Subroutine  FUNCl . 
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0,1.5  Subroutines  Used  To  Remove  Effects  Other  Than  Wind  Speed  From  Bactcsegjjer 


Es^lmot'es  t’ne  effeci-s  of  incident  angle  variation  on 
bq'ckscatter  measurements. 

! 

Estimates  the  effects  of  aspect  angle  variation  on 
backscoHer  measurements. 

Estimates  the  attenuation  at  50®  incident  angle. 

D . 1 -/^  Subroutines  Used  To  Remove  Effects  Other  Than  Wind  Speed  FronfLRqdigmetri^ 
Measurements 

Subroutine  ATM50  Removes  effects  of  sea  water  temperature  variations 

and  excess  temperature  variations  to  estimate  horizon- 
tql  emissivity. 

Subroutine  TRANSREF  Removes  effects  of  incident  angle  variations  at  all 

nominal  incident  angles  and  removes  effects  ot  sea 

water  temperature  variations  and  excess  temperature 

variations  at  nominal  incident  angles  other  than  50  . 

These  subroutines  use: 

Subroutine  EPS 
Subroutine  HEXCESS 
Subroutine  TATM 
Subroutine  ATTENV 
Subroutine  FRESNEL 


D.1.7  Other  Utility  Subroutines 


Subroutine  CAT GOR  Assigns  a category  designation  to  each  data  vector. 

Subroutine  FFT  Calculates  the  Fast-Fourier  Transform. 


Measurements 
Subroutine  INCAN G 
Subroutine  ASPCOR 
Subroutine  ATM50 
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D.2  PROG!l^M  LISTINGS 

The  programs  are  lisfed  in  the  following  order  (the  order  in  which  they  are 
described  in  the  previous  section): 


j 

i 

Routine 

Programmer 

Esae 

Progroin 

Merge 

Young 

206 

Subroutine 

i 

AAFEAC 

Young 

212 

P 

1 

rogram 

Divide 

Sullivan  , 

213 

p| 

rogram 

Append 

Sullivan 

217 

Program 

Skew 

i 

Liang 

223 

Program 

Lst 

Young 

226 

Subroutine 

LIST 

Young 

229 

Program 

TRNGEN 

Kahn 

230 

Program 

Directive  Interpreter  ^ 

Kahn 

242 

Program 

Image 

Crooks 

250 

Subroutine 

Dl- 

255 

Program 

j Scattergram 

Kahn 

258 

Subroutine 

SCAT 

Kahn 

270 

Program 

Regress 

Birrer 

281 

Program 

Standard  Deviation 

Birrer 

287 

Subroutine 

STDV 

Birrer 

290 

Subroutine 

I^REEFORM 

Birrer 

292 

P^'ogram 

Autocorrelation  Function 

Birrer 

294 

Subroutine 

XuTCOR 

Birrer 

297 

Program 

Maximum  Likelihood  Estimator 

300 

Subroutine 

■ FUNCl 

Birrer 

306 

Subroutine 

INCANG 

Hlang 

311 

Subroutine 

ASPCOR 

Hlang 

312 

Subroutine 

ATM50 

Komen 

313 

Subroutine 

TRANSREF 

Komen 

315 

Subroutine 

EPS"^. 

Komen 

316 

Subroutine 

; HEXCESS 

Komen  ; 

316 

Subroutine 

TATM 

Komen 

316 

Subroutine 

ATTENV 

Komen 

317 

Subroutine 

FRESNEL.^':;- 

Komen 

317 

Subroutine 

•GATGOR  : v;:y 

Birrer 

318 

Subroutine 

FFT 

Young 

319 
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n nono  oo  oo  n no  o r>o  o cl  n n r non  non  non  onn  nnnnnnnnnononnnn 


1 


CHERG 


PROOR*H  HERCE  j 

OliTE  5/30/7!! 


PURPOSE  To  read  JSC  RADSCAT  DATA  CaROS  (OR  TaPE  tr  CONTIGUOUS 
OaTA)  produced  by  DCOH  *N3  CUNY  SURTaCE  truth  cards 
AND  TO  WRITE  STANDARD  DATA 

Vectors  on  tape  < file  code  oi  >.  the  program  also 
calculates  aspect  angle  and  an  aspect-angle  correction, 


OATA  cards 


A>  t CARO—  15 

number  of  files  to  be  skipped  on  output  Tape 

B)  1 CARD  FOR  EACH  DATA  SEGMENT  gig 

PILE  CODE  OF  JSC  DATA.  FILE  CODE  OF  CUNY  oATA 

(A  file  code  OF  ZERO  FOR  TmE  CUNY  DATA  DENOTES  THAT  NO 

surface  truth  is  available,  so  all  surface  truth 
Values  hill  be  set  to  default) 

C)  i card  FOR  EACH  DATA  SEGMENT  ---  412, 14,10A6,412 
HEauER  neCOnu  INfUHNATtuN  as  fUtLOwa  - 

mode,  month, Day,  and  year  of  Pass,  number  or  data 
records,  title,  month,  day,  year  of  CUNY  data,  IFMT 

IFMT  • 0 if  surface  truth  is  in  KU  format,  (13,IJ,-I2; 

Il.F2.0,F3.0,3I2#F4.1)  miTh  VARIABLES  DO», 
SEG.SCAN.COM, J3PD, WDIfi.MO.OA.YR. StATMP  <DATB 

or  surface  trjth) 

• i IF  surface  truth  is  in  CUNY  FORMAT  AND  ONLY 

WIND  SPEED  AND  DIRECTION  ARE  TO  BE  INCLUDED  IN 

Data  vector 

• 2 IF  surface  truth  is  in  CUNY  format  and  all 

CUNY  data  is  to  be  INCLUDED  IN  Data  VECTOR 

<SEE  separate  write-up  FOR  DESCRIPTION  OF  CUNY 
FORMAT) 

01  S BLANK  CARD 

signals  end  OF  PROCESSING 

••  note  •• 

Caros  b)  and  o should  be  repeated  once  for  Each 
Data  segment 
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c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c« 

c 

c 


ALSO,  THE  HODESf  ARE  AS  FOLLOWS  - 

2 ITNC 

3 CTNC-L 

4 CTNC-R 

9 CTNC-L/R 


other  ihput  data 


use  AND  CUNY  DATa  ON  FILES  SPECIFIED  0Y  DaTa  CAROS 
ABOVE 


OUTPUT 


Oceanographic  daTa  files  to  file  code  i 

LIST  OF  NUMBER  Op  daTa  RECORDS  WRITTEN  TO  rjLE  CODE  1 
AND  NUMBER  OF  RECORDS  INDICATED  IN  HEADER  HECORp 


INTPGPR  DPV 


C 

C 

c 


c 

c 

c 

c 


c 

c 

C 


c 


DIMENSION  IDATUS(3),IDATCUC3).IDAfPS(3;,lTiTLEa0  5,S;C;4:,T;5E1 
t \ _ »T(2>fA(3).IDAT(3),X(l9)*n<Ufl)iB(31),y<3l).IY(3l) 

DATA  A/3*0377777777777/iB/3l*0377777777777/i C/037777 /777777Z 
lOUlVALENCe  (A(i), Il>#<X*lX);uCl)»D0Y),(X(2)rNSeG),(Y,lY) 


change  TpDAY*S  DATE  FROM  BCD  TO  INTEGER 

CALL  CLCCKinDAT<2)#lDATCl),lDATi;3)) 

DO  i4  IslV3 
|OATn>slOAT(n/$AAe4 
lDlalDAT<I)/6A 
l02slDAT(I)-IDl*64 
14  lPAT(t)aIDl*10^lDZ 

read  NUMBER  OF  FILES  TO  SE  SKIPPED  ON 
OUTPUT  TAPE 

READ  (5.107)  NSKIP 

107  FORHATUS) 

ECHO  data  cards 

WRITE(6>108)  NSKIP 

108  FORHATI///*  ECHO  INPUT  DATA  CAROSS///UI 


nnnnnn  o non  non  non  nnnn  non 


^*CB  S 

SKIP  NSKIP  PU.es 

IP  INSKIP.EO.O)  GO  TO  4 
DO  7 l = liNSKlf> 
a RE*D  U.END»7) 

GO  TO  8 

7 CALL  PCLOSEU) 


read  PILE  NUHBERS  POP  JSC  AND  CUNY  data 

I 

' 4 READ«5;i00,END=3e)IJSCi:CUNT 
100  P0RHAT<2I2) 

WHtTE(6,109>  USC.ICUNT 
109  P0RRAT(1X.2I2) 

IPtUSC.EQ.O)  STOP 


REWIND  PILE  use  IP  WE  ARE  TO  USE  |T 
AGAIN 


IPilJSC,EQ,LASTJ)  PEUINDIUSC) 

iP«USC.NE.LASTj.AND.LASTj.NE,0>  C*LL  FCLOSE (LASTJ | 
LASTJilJSC 


read  header  INPO  POR  this  pile 


REAO«5;i02)HODE,  tDATPS.NUMREC,lTITLEi  |DaTCU.I''HT 
102  P0RNAT<4i2,M,lQA6,4i2) 

WR I TE  ( 6 , 113 ) MODE , I.7ATPS iMUMREC.  I T I TLE 1 1 DATCU , I PMT 


aaW  r • t . • t - . i • . I V 3 

NWORDS-19 

IP(|PM:T,EQ.2)  NH0RDS»5,0 
NlTC»0 

|PIMODE.GE,2.ANO.MOOE,LE.5I  60  TO  20 


CONTIGUOUS  MOOEi  JSC  DATA  CN  TAPE 


ASSIGN 21  TO  JGO 
GO  TO  23 


NONCONTIGUOUS  MODE,  JSC  OaTa  ON  CARDS 

20  ASSIGN  22  TO  jGO 
23  IPIICUNY,EO,0»  GO  T3  l7 

surface  truth  IS  AVAILABLE 

SET  switches  TO  READ  SURPACS  , truth: 
WITH  RIGHT  FORMAT 


|P»IPMT,NE.0>  00  TO  40 
ASSIGN  31  TO  KOO 


i 


I 


okigwalpag^ 
OF  POC® 
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net  4 


c 

c 

c 

c 


c 

c 

c 


c 

c 

c 


c 

c 

c 


c 

c 

c 


GO  TO  41 

40  IFUrMT.NE.l.AND.irMT.NE.zr  QQ  TO  4i> 
ASSIGN  32  TO  KGO 
GO  TO  41 

42  RRITE<6,110)  IFMT 

no  rORMAT(»  irHT«*»r8»»  wHjCH  IS  1UEGAU») 


SET  SWITCH  To  ADD  DHSlftED  NUHfiHR  QT 
COHPONEHTS  TO  DATA  VECTOH 

41  irurHT.EQ.O.OR,  IFMT^EO,!)  GO  TO  36 
assign  34  TO  tGO 
ASSIGN  36  TO  HGO 
GO  TO  39 

36  ASSIGN  33  rO  IGQ 
ASSIGN  37  TO  KGO 

read  FIRST  surface  TRUTH  CARU 


39  IFUFMT.EO.O)  go  TO  35 

REAp( IcUNY»112»ENd  = 135)  IdOY» ISEG, I SCAN, I COM, V j WNuANG# (y(I)i I«l,6r 

;^EATMPrY<7)flDATCU<3),nDATcu<I),I=i,2),(Y<I>,r3ar3l> 
112  fORMATiI3,  U,  l2,  U 1 23Xi  F3 .1,  r3 , 0#  2f5 , 2#  2 ( F3 , 1,  f3 , 0 J , f4 , !•  AXr  Al,  2X| 
1 3l2,/8X#afF3,i*r3,0.Il)) 

GO  TO  44 


35  READMCgNY,ld3)  IDOv,  ISEC,  ISCAN/I  COM  i v . wNDANG  . IDATCu,  SE  ATMP 

103  > OwnAj V lo , i 1, i 6 , J i,r 2 , i u » 3 12 , M , i ; 

44  ISRU®UlCOHtiOOOO^!3GAN)flO#ISEG)*10QO^lDOy 
ASSIGN  6 TO  ICO 
60  TO  18 


NO  SURFACE  truth 

17  DO  19  lstV3 
19  IDAYCUUIsU 

ASSIGN  2 TO  !qO 
ASSIGN  33  TO  iGO 

read  each  JSC  CARD 

18  IREC*0 

1 CO  TO  JG0;<21,22) 

read  JSC  DATA  FROM  CARDS 


C 

c 

c 


22  READ(  IJSC,i01,END35>  DOT,  NSEG  ,NSCAN,  NCON,  NT  . yLAT,  AUONG,  AI IM 
. THETArSlGrT,rCESCR,lDATjS 

n FORMATA 13*11, I2rIl*I6,F5,2*F6.2^T4,i,3F4,2*6r5,2,4l2) 


change  all  default  values  to 
0377777777777 
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orio  noon  nno  ooci  ocio 


P*0E  5 


c 

IFISEATMP.EQ.fl.  )SEATMP=Aa» 

IF  < NTIME.EQ. 999999001  NTIKE=1I 
IF  ( XLAT.EQ.999. ) XLAT=A(1) 

IF  {XL0NG.EQ.999  .)  XLONG-aU) 

IF  (AZIM.EQ.9V9,)  AZlMsA(l) 

DO  11  m;3 

11  IF  (THETAd  ) .E0.99.  ) THETAU»sA(1> 

DO  12  1=1.4 

12  IF  (SIG(I) .£0.99, ) Sia(I)=*(l) 

00  13  1=1,2 

13  IF  (Ttn.EO.O.)  T(I)9A(1) 

NSRL  = (lNCOM»10000*N'5CAN)*10*NSEG)»1000»DOy 
GO  TO  24 

read  JSC  data  FROM  TAPE 


21  READUJSCTENDiS)  IX 
DO  25  1=8T16 

IF|  IX(  I ), NE.n  ) X(!)=FL0ATUX{  I >>71000,-200, 

25  CONTINUE 

NSRt=((<lX(5)»l0*lX{4))«lo0o*lx<3>  >»tO*IX{2n»1000*IX(l> 
IFUX(6)»NE.II>  go  to  26 
NTJMEsII 
00  TO  27 

26  NT1ME=IFIX(X(8)»100,*0.5)*10000»( JX(7)*100»1X{6>? 

27  XLAT=X(9) 

XLONG=X(10> 

47  TUsVM  1 > ■ 

THETACiiixciS) 

00  28  1=174 

28  SI0<I)sX< I*12) 

DO  29  l=i-,2 

29  T{I>»X(I*16> 

COUNT  THE  NUMBER  OF  JSC  RECOHDS 

24  IRECilREC+1 

write  header  record  first  time  through 

IFIIREC.EQ.1>  HRITEU)  dot. NSEG, mode, NH0RDS,NUMR£C,l0ATPS,10ATja, 

1 IDaTCU. IOAT.1 title 

CO  TO  ICO.  (6,2) 

IF  CUNY  DAT*  IS  HISSING  WRITE  RECORD  WITH 
default  surf,.ce  truth  values 

6 IFtNSCAN»10*NCOM.LT,lSCAN»10*ICOM)  GO  TO  2 

IF,  JSC  DATA  IS  missing  SOMETHING  IS  NSONG 
' STOP  ■ ■ 


2T0 


1 


PACE 


IP(NSflL.NE.tSRL)  00  TQ  0 


CAUCUtATE  ASPECT  ANGLE  aNO  ASPECT  ANGLE 
CORRECTION  IF  hind  AND  INSTRUMENT  ANGLES 

are  nonoefault 

IF  (AZlM.NE.Aai.ANO.HNDAtNO.NE.AI).))  GO.  TO  15 

ASRaNG^AU) 

ASRCORsiAd) 

OO  TO  14 

15  CALL  AArEACIAZlK.HNOANG.ASPANQ.ASPCOR) 

IFtTHETA<lJ,LE.25>  ASPCORsA(l) 

HRITE  A DATA  VECTOR  AND  UPDATE  SURFACE 

truth  info 

14  GO  TO  HG0<(37«38> 

38  HRlTEd)  NSRL,NTtMF,XLAT;XLONQ;A2IM,THETA,SJG.T,V,ASPANG.*.SPOQRI 
1 IDESCR.SEATMP.Y 

37  uRlTElll  NSRL, NTIME,  XLAT-;xLONq,AZlM, theta, SJG.T,  Vi  ASPANG.ASPGOH, 

1 IOESCRiSEATMP 
43  60  TO  KG0»(3l»32) 

32  »6AOncUNY,ua>e^^0=i05)  IQOYa  IS6G,ISCaN.|C0H,V,WN0ANG.<Y(1 

1 7seAThP/  Y(7)p  iOATQU<3)  f < iDATCUn  ) F 1 = 1.2  ) , < Y U > * I > 

31  RiAD?iCUNY,lO3»END=X05)  IDOY, ISEG, ISCaN, lCO«, V,WNQaNG» IDATCU* 

1 SEATHP 

" 60  TO  1 

IF  surface  truth  is  OePlETEDA  HODITX  ISRt 
AND  IsCaN  so  that  the  PH'^A^N^NG  JSC  DaTa 

MIU  BE  transferred  Tc  TAPE  WITH  DEfAUlT 
SURFACE  TRUTH  VALUES 

105  lSfiL=l!SRL^l 
ISCANrlSCAN^SQO 
60  TO  1 

2 GO  TO  LG0,(33#34)  _ 

33  WRITECI)  NSRL4NTlHErXLAT;XLQNG8AZlMFtHETA,SlG»T,Af lOEScRf C 

34  HRITE(l)  NSRL,NTIH£rXUAT,XLONG#AZIHrTHETA,SIGpT,A,IDESCR|CtS 

GO  TO  1 

5 ENDFILE  01 

IFMCUNY.NE.O)  CALL  FCLOSEUCUNY) 

WRITEC6,106)  DOY.NSEG/lREC/NUnHEC  ^ . 

106  F0RmAT</1X, ’DOY  ’ , I3i ’-Ml.  UOf  •RfeCOPDS  ' 

X * records  WERE  DESIGNATED  |N  THE  HEADER  RECORD  * ) 

GO  TO  4 

3 hRITBi6f104>  NSRlilSRL 


PAGE 


104  r0RHAT<'  •••••  NSRL  “*,110**  AND  ISRL  =»*,M0,*  ♦•••'/ 

1 ///•  EITHER  SOME  JSC  DaTA  IS  MISSING  OR  SOME  DATA  IS  OUT  Of  SEOUE 
INCE.  therefore  merge  IS  ABORTEOr*  ) 

30  STOP 
END 
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onn  no  noonrin  nnnn 


SU8R0UTrN&  AArSAC< RADANG*WNOanG» ASPANGi ASPC0«> 

CAA^ 

INPUT 

RADANC  INSTRUMENT  ANGLE  W,R,T,.  NORTH 
HNDANG  WIND  ANGLE  U.R.T*  NORTH 
I OUTPUT 

aspang  aspect  angle,  angle  or  wind  w.r.t,  the  instrument 
ASPCQR  ASPECT-.ANGLE  SCATTERING-COEFriCIENT  CORRECTION 


ASPANGryNDANG-RAOANG 
lF(ASPANG.GT*-laO, ) GOTO  3 
ASPANGsASPaNG>360, 

GO  TO  2 

3 IF( ASPANG, LE . 180 , ) GO  TO  2 
ASRANa  = ASPAN.G-360  , 

2 ANGLEsA3PANG/57.296 

ASPCORs  2.745-1,o56*CO;S<AnGLE)-2,228*CCS(2.*ANGLE)^O.J>39»COS^4,* 
I ANGLE) 

return 

END 
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CDiylDE 

C 

€ 

c this  program  Takes  an  input  kroh  fiiecode  oi 

c AND  PRODUCES  A MODIFIED  TAPE  ON  FILECODE  07 

c 

C written  BY  m.u.suluvant 
c 

C TMERE  JS  only  one  support  SUhROUTINE,  "LABLSS", 

c which  lists  the  contents  of  a UA3EU  ONTO  FILECODE  6, 

c 

C the  COHHANDS  are  read  from  FILECODE  05, 

C the  three  commands  are  ♦»SKIP”,'*C0PY«, AND:  "DIVIDE", 

c 

c the  command  should  be  in  col.  1-6  LEFT^JUSTIFIED. 
c the  number  of  files  to  skip  or  copy  should  be  in 

t COL.  6-9,  RlGHir-JuSTiriED.  IF  tHH  NuMeEr  Is  BLANK, 

c zero,  or  negative,  then  one  file  is  assumed. 

c 

c the  command:  HDiivlDE"  CAUS&S  THE  FILE  ON  D1  jQ  9S  sPUy 

C INTO  TWO  FllESi  IF  THE  NODE  OF  TM=  INPUT  FILE  IS  !i , 

c IF  the  mode  isi  5 then  the  option  field  <C0L  e-l3) 

C IS  EXAMINED  TC'  SEE  IF  THE  FILE  SHOULD  BE  PROGESSEO  WITH 

C THE  right  scan  RECORDS  OP  THE  LEFT  SCAN  REGCRDS  FIRST, 

C IF  THE  field  is  BLANK  THEN  LEFT  IS  ASSUMED. 

C IF  »*RICMT  OR  "LEFT  OR  " IS  NOT  THERE  TM£N 

C AN  ERROR  OCCURS, 

C If  the  MODE  IS  not  5 THEM  AN  ERROR  OCCURS, 

C 

c 

c fOR  example,  suppose  you  Have  a tape  with  the  third  ^me 

C BEING  mode  5.  ALSO,  THE  FIRST  FILE  SHOULD  BE  SKIPPED  aND 

C the  second  file  should  be  copied  WITH  NO  CHANGES, 

C the  third  file  has  left  REC.OKDS  FIRST, 

C , . ■ ■ ■ ■ 

c ■ i 

c SI  IOENT  PROJECT-NUH,NAIiB-OF-USER 

C Si  OPTION  FORTRAN 

C 51  OBJECT 

C <OBJECT  DECK> 

C 5 ENDECK 

C S EXECUTE  ,UK 

C S TAPE  Ol.XlDD, ,99999»rlNPUt-TAPE 

C S TAPE  07*X2DD, ,99999. ,OUTPuT-TAPE.QuT 

C S FILE  11,AIRR*5L 

C SKIP  01 

c copy  01 

c DIVIDE  left 

C S ENDJOB 

C '■ 

c ■;  . ■ . . . ■ ■ ■■  ■ 

C ■ ' ■ ■ ' ■ ' ■ ■ ■ ■ . .. 


20 

AO 

50 

60 

70 

60 

90 

100 

up 

120 

130 

140 

150 

160 

170 

160 

I’P 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

310 

320 

330 

340 

350 

360 

370 

380 

390 

400 

410 

420 

430 

440 

450 

460 

470 

480 

490 

500 

510 

520 

530 
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u u u 


C 


P4GE  2 


too 


c 

c 

c 


c 

c 

c 


c 

c 

c 


ttlANACTER  CARD^aO,  VER0*6 
integer  LAQeL<27).IDATA(l50) 
integer  OLDSI2E 

® i^ABeL(5),NUH^IF), (HQDH#LAPEL(3)) 

D TA  iSlDE/IuerT,  I RIGHT/ » SIDE)’,  ♦ ((.eFT  V,  • (RIGHT  • 

R^A0(5  » 1,  ) card 

write<6,2)  Card 

A valid  verb. 


200 

205 

210 

220 


IF! 

IF 

IF 


(VERB.EQ.»SKIP 
< verb,  EQ /'COPY 


”)  SO  To  200 
GO  To  300 


«VER8.EQ/«D1vIDE*!)  go  To  400 

not  IN  LIST, 

WR|TE<4,3) 

GO  TO  900 

process  "SKIP'*  here, 

p£CO0E<CARD,4)  NUH3EP 
IF  INUM9ER.LT.1)  N^iMBER  a i 

FOUNT  5 0 

REaO(I)  label 

CALL  LA2LSS;lACCLM?) 

FRBC  50 
READ<1,ENOs220) 

KREC  » KREC  1 
GO  To  210 
CALL  FCLOSE(i) 

WRrTE(&,12)  KREC 
fount  5 KOUnt  ♦! 

‘S,!'«°UNT.LT.NUh96RJ  go  to  2q5 
1<*I'TE<(5,5)  KOUNT 
QO  TO  100 


PB0C6SS  "COPY"  HERE, 

300  BeC0DEfCAf?D,4)  NUHqEfJ 

i^,,<NUHeBR.LT. U number  s i 

FOUNT  =0 

310  REaDU)  UAR6L 

CAtt  LABLSS(LABEUl) » 

KREC  so 
HRI r£<7)  tAHEL 

KREc‘i'KREC^^°i  <I3*TA<t)flsi,,NUMWPR) 
MRlTEt?)  ’<JDATA<l),tsl,NuMwPR) 


540 

SSO 

500 

570 

556 

59j 

600 

610 

620 

630 

640 

650 

660 

670 

661 

690 

700 

7io 

720 

73Q 

740 

750 

760 

770 

780 

790 

800 

•10 

8?0 

830 

840 

850 

860 

870 

850 

890 

900 

910 

920 

930 

940 

950 

960 

970 

950 

990 

1000 

1010 

1020 

1030 

1049 


?'ACsl  "Si 

Qi'  poOR 
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non  o non 


GO  TO  320 

330  CALL  FCLOSEai 

W»1TE(6#12)  K^EC 
CAU  rCL0S5{7) 

KOUNT  = KOUST  ♦ 1 

IF  <K0UNt ,Lt .number)  go  3l0 

WRITE<6>6)KQUNT 

GO  TO  100 

PROCESS  "DlVIDE'i  HERE, 

400  R6AD<1>  label 

IF  '<M0DE.NE.5>  go  to  480 
NUM2  » NUH’^IF/10*5 
NUrti  » NUHWTF-NUH2 
KR|C  ^0 

D6C0DECCABD,a)  VER3 
IF  IVERB.EQ. ♦bright  *•)  GO  To  406 

IF  IVERB.EQ.MLEFT  •♦)  GO  to  404 

IF  (VERB.EQ.f*  •*)  GO  TO  404 

ERRi 

WRlT6<6i9> 

GO  TO  900 

C LEFT  SIDE  IS  FIRST, 

404  HQD£=-3 

NUMWlFsNUMl 

LA3EL<26)sILEFT 

UABEL<27>s1SIDE 

WR'ITE(7)  label 
CALL  LABLSS<vABeLUV) 
NUHWlFsNUMZ 
M0D6=-4 

LABEL<26)slRlGHT 
IA9EL<27)5ISIDE 
WRITEUI)  label 
GO  TO  410 

C RIGHT  SIDE  IS  FIRST. 

406  MObe=-3 

NUMWIF  = NUM2. 

UABEL<26)sILEFT 
LA9BL<27)-1SIDE 
CALL  LABLSS(UABELU)) 

HRITE17)  LABEL 

HOoe=-4 

NUHWIF=NUh1 

LA0EL<26)atRlGHT 

LAaEL<27)=lSlDE 

writeui)  Label 

GO  TO  420 


io;5o 

X060 

1070 

10>C 

1090 

1100 

1110 

1120 

1130 

1140 

1150 

1160 

1170 

lieo 

ii9fl 
1200 
1210 
1220 
1230 
124  0 
1250 
1260 
1270 
1260 
1290 
1300  ! 
1310 
1320 
io30 


1340 

1350 

1360 

1370 


1380 

1390 

1400 

1410 

1420 


1430 
1440 
1459 
146  0 


147  0 
1480 
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C LEFTSIDE, 

410  00  420  J=1.5 

READU,EN0*45Q)  <IDATA<l).l-l,NUiWPR) 

KREC  = KREC  ♦ 1 

WRITE(7)  <lDATA(I)#l5l,NU«WPR) 

420  CONTINUE 

c right  side. 

430;  DO  440  J = 1.5 

«EAD(1,END=450>  tl DATA (I ) • I =l , NUHWPR ) 

WRIT6U1)  UDATAny  ,l=l,NUMWPR) 

440  CONTINUE 

C 

GO  TO  410 
C 

4i40  call  FCLOSEu) 

HR|Te<6.12)  kREC 
CALL  FCL0SE<7) 

CALL  rCLOSE(il) 

REWIND  11 

R6AD(U)  label 

CALL  LA8LsS(LABEL(i)) 

WRITE(7)  LABEL 
KREC  so: 

c 

440  READ<U,ENDa470)  nDATAU  >•  Ul.NUMWPR) 

KReC  r KReC  1 

URIT£<7)  (IOArA(I)#lal,NUHWPH) 

GO  TO  460 

470  call  FCL0SET7) 

WRITE<6,12)  KREC 
' call  fCLOSE(ll) 

: rewind  11 

i GO  TO  100 

C 

480  call  UBLSStLABEL) 

‘ WRITE(6.10) 

C 

900  WRITE(6ill) 

990  STOP 

1 FORMAT(Aao) 

2 FaRMATUHO,'‘DlRECTlVE  = ’VAaO) 

5 FORMAT(lH0f**UNKN0W:i  DIRECTIVE**) 

4 F0RMaT<7X.  12) 

9|  FORMaT(1HO,12.”  FILES  WERE  SKIPPED”) 

6 FORHAT(lHOrI2.’^  FILES  WERE  COPIED”) 

6 format (7X.A6) 

9  FORMAT(iHO,'*oPTlON  ON  DIVIDE  IS  NOT  RIGHT  G«  LEFT”) 

10  FORMaT(1N0#**mQDE  not  5”) 

11  format(iho,”program  terminated  ABNORMALLV**) 

12  formatux.iox»”actual  record  count  =»M5) 

END 


1490 

1500 

15X0 

1520 

1530 

1540 

1550 

1560 

1570 

1500 

1590 

1600 

1610 

1620 

1630 

1640 

1650 

1660 

1670 

1660 

1690 

1700 

1710 

1720 

1730 

174,0 

17^0 

176;o 

tTTO 

i7o;o 

1790 

1000 
1810 
1020 
1030 
1640 
1050 
1060 
1070 
I860 
1890 
1900 
1910 
1920 
1930 
194  0 
1950 

i960 

1970 

1900 


OBXGTNAD 
OF  POOB 
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page 


PPENO 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


THIS  PROGRAM 

and  produces 


takes  an  input  file  prom  FILECODE  0\t 
A MODtFieb  FILE  ON  FILECODE  07.  ,-..1- 

TuS  MflnirTpn  FILE  'onsISTS  OF  THE  ORIGINAL  INPUT  riLE 
WITH  specified  values  ATTACHED  TO  THE  INOIVIDUAU 

records* 


This  program  was  written  by  M.L.SULLIVANT  (OCT 


FOR  REMOTE  SENSING  LAB 

THE  center  for  RESEARCH* 
university  of  KANSAS 
LAWRENCE,  KANSAS  66Q44 


INC.  (CRINC) 


there  is  only  one  support  .SUaKOUTINE  for 
"UAeLSS"7  WHICH  produces  a list  of  the  CONTcNTS  of 
THE  WABEL  ONTO  FILECODE  06. 

THE  COHHANOS,  WHICH  ARE  REAO  FROH  ..O®*  - 

are— "SKIP  ",  "COPY  '•FOHMaT",  "OEFaUU aNO 

"APPEND". 

-tHC  rfiMHAMD  <;HquLO  be  in  CQU,  1*6  LBFT*JUS"IFIED# 

Iith^rmunI  Ks.  vIith  the  to  skip 

input  files  or  WlT-t  the  COMMAND  ^9  -QPY  L.  UT  _ 

r-.u  .Hb  ouirul  f lLtCODE.  Mk  ‘ 

1 COPY  SHOULD  BE  IN  COL.  HIO"T-JUSTITI£^.  I_  ^ 

THE  NUMBER  IS  BLANK*  ZERO.  OR  NEOATIVE.  THcN  ONE  FIL- 
is  assumed. 

THE  command  "FORMAT"  DECLARES  THAT  THE  INPUT  FORMAT  FoR 
APP6N0  PROCESS  I NG  I S IN  COL . B - 6 T. » I ^ ^ ^ ^ * 

THEN  »♦  ( 1 1 5 f I 8 * 4 F 3 . 4 ) ’V  I S AS $U HE D > ^ ^ ^ r r V P M 

THE  FORMAT  STAYS  l\  EFFECT  UNTIl  A NE>.  ONe  IS  GI 

THE  command  >»DEFAUL”  DEFINOS  THE  DEFAULT  VAuUt:, 

Siir-ESsS'is 

and  IF  IT  IS  within  .01  QF  T'HE  DEFAULT  VALuE  M 
THE  octal  constant  377777777777  IS  SuBSTI  UjEu. 

THIS  VALU'=  IS  the  NOISE  WORD  FOR  THE  r tci  n 

635  ANP^HiLL  6E  PHINTED  aS  ALL  BLANKS  UNDcR  A F FIEL  * 

T wc  liwiM A. wD  A P P End ^ CAUSuS  A GROUP  OF  DATA  To  BE 

;;.emeS'?s  . EaS.  oSe  -''ii--'"'”'” 

ONE  INPUT  file  and  PRODUCE  ONE  OUTPUT  FIL=. 

THE  FIELDS  ON  THE  APPEND  CARD  ARc  C0L» 

HAS  THE  NUMBER  OF  DATA;  SETS  FOLLOWING  THE  aPPENO^^^^^^ 


19 

20 

39 

40 

50 

60 

70 

9Q 

90 

ICO 

110 

120 

130 

140 

190 

160 

170 

leo 

190 

200 
210 
220 
230 
240 
250 
260 1 
27  0] 
2801 
290 
3D9 
310 
320 
330 
34  0 
350 
360| 
370; 
380 
390 
400 
410 
420 
430 
44  0 
450 
46  b 
47b 
48  b 
490 
500 

510 

5?0 
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CARD.  each  data  set  IS  OBTAINED  BY  EXECUTING  A 
read  STATEHENT  UITH  THE  INPUT  FORMAT.  EACH  DATA  SET 

CONSISTS  OF  the  seiial  nu«beh  to  start  appcndihg  to 

FOtLOViED  BY  the  NUMBER  OF  RECORDS  TO  APPEND  <'4ITH 
THE  CONVENTION  OF  MUANK.  ZErO.  Or  NSGAtIVE  NUMDEHS 

equal  ONE),  followed  by  the  data  to  0E  appended, 
the  NUPSER  OF  variables  TO  bE  APPENDED  IS  OBTAINED 
FROM  COL.  16-17  OF  THE  APPENU  CARO. 


AS  FILES  are  encountered  THEIH  LABELS  ARE  DISPLAYED 
FOR  THE  users  INFORMATION.  THE  Ef'D  OF  PROCESSING  a 
FILE  IS  IN3ICAT6D  BY  A MESSAGE  TELLING  THE  ACTUAL 
RECORD  COUNT  OF  THAT  FILE  (LESS  LABEL  RECORD) . 

serial  numbers  are  CHECKEE.  and  if  THE  NUMBER  INDICATES 

that  the  record  Has  already  been  processed,  the 
message  "eAO  SEflUU  NUMBER"  Is  DIsPCAYED  aNO  PrOCEssING 
STOPS. 

IF  A pHOUE"  OCCURS  IN  THE  APPENDED  DaTa  (SeHIaL 

number  indicates  sxiPPiNtt  input  RECORDS), Then 
the  INTERVEINING  records  are  given  DsFaULT  (377777777777 
OCTAL)  VALUES  AND  A HeSSAGE  IS  01 SPLaTEO, TELL ING 
THE  USER  that  DCfAULT  VALUES  WERE  INSlfl'^St), 

THE  SERIAL  NUMBER  OF  THE  FjrST  AVO  LAST  pEcORQ  SO 
APPENDED  WILL  BE  displayed  FOR  THE  USERS  INFORMATION. 

IF; the  values  are  IN  THE  LAST  CONTIGUOUS  BLOCK  OF 
0ef*gv7  THE;,'  CIJLY  fH.C  i‘TART!‘|0 

Tfie  FioLLOWING  DECK  SET  UP  SHOULD  BE  USED  AS  A GUIDE. 

« IDENT  project-num.Name-of-user 

S : OPTION  fortran 

$ ! j OBJECT  

: <OBJECT  DECK  FOR  MAINLINE 

AND  SUSR0UTINE>  ; 

$ • ^ ENoecK  ^ 

S I EXECUTE 

S LIMITS  ,11K 

f TAPE  01,XtDO,.99V99,, INPUT-TAPE 

S TAPE  o7,X2DD,.99999,, output-tape, OUT 

<DIRECTIVE3> 

S . ENDJOB 


FOR  EXAMPLE,  the  FOLLOWING  DIRECTIVES  WOULD 
SKIP  7 files,  copy  5 FILES,  aHAV£  2 VARIABLES 
appended  to  the  SIXTH  file  in  3 DATA  SETS  WITH  A 
REDEFINED  FORMAT  A»D  A DEFAULT  VALUE  OF  -99.0, 
AND  FILAi.LY  copying  3 FILES. 


530 

5A0 

550 

560 

570 

580 

•590 

5oo 

«10 

620 

630 

640 

650 

560 

570 

660 

690 

700 


710 

730 

730 


740 

750 

760 

770 

760 

790 

000 

010 

020 

030 

040 

050 

060 

070 

eeo 

090 

Ooo 


910 

920 

930 


940 

950 

960 

970 

989 

990 
loco 
1010 
1020 
1030 
1040 
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COL  1 8 16 

SKIP  02 
COPY  05 
DEFAijL  -99.0 

fORMAT  (I9»I3»r4,0.F8.2i 
APPEND  003  02 

200011156  02  0,0-145,14 
500021156  50  1.0  700, 
300531156133-1,0  345.0 

copy  03 


CHARACTPR  CARD*80,VER3*6,rMAT*60,CHARl2*12 

INTEGEP  lAeeL(27) , IHATA ( 150 } ; I DEF AULT/0377777777777/ 

real  RVAU99) 

integer  oudsize 

logical  flag 

integer  IVAL(99) 

■EOU I VALENCE  ( CARD . VERB > . < I DEFAUL?. RDEPAULT ) # ( LABEL  1 4 ) , 

a numwpr)#(rvalu)#ivalu)) 

FMi^T  e «ni5,ia.4F8.4>” 

DEFAULT  = 999.0 
100  READ(5,l.EMD=950)  CARD 

wri;te<6i?)  card 
IS  ;iT  A valid  verb. 

IF  J(VERB.E0,»’SKIP  ”)  GO  To  200 
IF  UVERB.£Q.”C0PY  GO  TO  300 
IF  <VER0,EQ.«DErAUL«)  GO  Tq  400 
IF  r<  vena.  EG.  "FORMAT*’ I GO  To  500 
IF  <VERB. EG. "APPEND")  GO  Tq  600 

NOT  in;  list. 

WRITE<6.3) 

GO  TO  900 

PROCESS  ”SKIP’*  HERE. 

200  DEC0DE(CARD,4)  NUMBER 


1050 

1060 

1070 

1080 

1090 

1106 

1;lio 

1120 

1130 

1140 

1150 

1160 

1170 

1160 

1190 

1200 

1210 

1220 

1230 

1240 

1250 

1260 

1270 

1280 

1290 

1300 

1310 

1320 

1330 

1340 

1350 

1360 

1370 

1360 

1390 

1400 

1410 

1420 

1430 

1440 

1450 

1460 

1470 

1480 

1490 

1500 

1510 

1520 

1530 

1540 

1550 

1560 
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i IF  <NUHB6R,LT.U  NUHBER  = 1 
KOUNT  = 0 

205  RBADU)  LABEL 
’ CALL  LABLSS(LABEL(1)> 

KRcC  so 

210  READ(1,ENO=220) 

KREC  s KREC  ♦ 1 
GO  TO  210 

220  CALL  rCLOSEtl) 

WRlTE(6il2)  KREC 
KOUNT  = KOUNT  +1 
IF  (KOuNt.Ut.NUHBER)  go  205 
WRITE<6i5)  KOUNT 
CO  TO  100 

Process  *’copy*  rerE. 

300  DEC0DE<CArD,4)  NuMBBr 

IF  iNUf^BER  I LT.l)  NUMBER  » i 
; KOUNT  s 0 
310  READU)  label 

CALL  LABLSS<LASELUn 
KREC  = 0 
WRIT£(7)  label 

320  READ<1,END  = 33U)  ( lOATA ( 1 ) • 1^1 rNUMWPR ) 
KREC  5 KREC  ♦ 1 
WRJTEC?)  UDaTA<I),IsX,NUMWPR) 

GO  TO  320 

330  CALL  rCL0SE<l> 

. WRITE(6.12)  KREC 
CAUL  rCLOSE<7) 

KOUNT  3 KOUNT  ♦ 1 
IF  <K0UNT;LT, NUMBER)  GO  TO  3i0 
WRITE(6,6)K0uNT 
GO  TO  100 

PROCESS  »’jDEFAUL«  HERE. 

400  DEC0DE<CARD,7)  DEFAULT 
GO  TO  100 

PROCESS  "FORMAT”  HERE, 

500  DEC0DE<CARDV8)  FMAT 

IF  (FMAT.EQ,>^  "VF:Ur  S "U15iI8#4r8,4)« 
GO  TO  100; 

PROCESS  "APPEND"  HERE. 

600  DEC0DE(CARD,9)  NUMBER , NUMVAR 
IF.  <NUHBER.LT.l)  NUMgER  *1 
IF  (NUHVAR.LT-l)  NUMVAR  = 1 


iffyo 

I'sao 

livo 

1600 

1610 

1620 

1630 

1640 

1650 

1660 

1670 

1660 

1690 

1700 

1710 

1720 

1730 

1740 

1750 

1760 

1770 

17B0 
1790 
1800 
1610 
1620 
1630 
1^40 
1650 
1660 
1670 
1680 
1690 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
197  0 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
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n o n n 


PACE  5 


NUMBER  = number  OF  SgTS  OF  QaTA, 

NUhVAR  = number  CF  VARIABLES  TO  3E  APPENDED, 


C 


615 


C 

620 


C 


C 

c 

c 


READ<1)  LABEL 

OLDSIZS  = MUmWPR 

NUHWPR  = NUMMPR  ♦ ’lUMVAR 

CALL  LADLSSaABEUl)) 

gPlTEV;)  LABEL 

KOUNT  a 0 

KREC  s 0 

FLAG  = , false. 

HR|TE<6,i6) 


READ<5.fHAT5  I START  # | KOUNT , (HVAL  N ) i i NuM  VAR  ) 

ir  IaIsxRv^  1VAL<J)  ^ IDEFAgLT 

CONTINUE  ■ 

WR]TEt6,l5>  ISTART,  IKOUNT*  ( RVALU>  • J*lf^UMVAR> 

ll^ISTARt/lOOOO 

12*11/1030 

li»ii-(r2*iooo> 

13  * 12/10 

12  a 12  - 13*10 

16  » 11*1000  ♦ 12*100  ♦ |3 


READ<1,EN0»700)  <T DAT A (I  ) • I *1. OLDS  I ZE ) 
KREC  = KREC  • 1 

IF  f I ST  AR  T , EQ . I DA  T A K 1 > > GO  TO  66  0 
is  SEOUEMCE  NUMRER  in  ascending  order, 

M*IOATA(l)/lOOOO 
12*11/1000 
ll*Il-( I2»1000) 


13  =12/10 
12  a 12-13/10 

« UftQOC  ♦ 12*100  * 1-3 
IF  n6.LT.  15)  GO  TO  699 
IF  FLAG  NOT  SET,  THEN  SET  FLAG,  ^ ^ 

AND  PRINT  J*ESSAGE  TELLING  USER  THAT  VALUES 
WERE  inserted  hERE » 

IF  < FLAG)  GO  TO  625 

ENC0DECCHaR12,:8)  IDATA(i) 

OECOOE(CHARi2'19)  Jl * J2, J3 , J6 , Jp 
WRITE(6,13T  •‘♦’V.  Ji,  J2rJ3,U4/U5 
flag  = .TRUE. 


NO  MATCH,  fill  WITH  DEFAULT  VALUES* 


DO  630  J 3 l.NUMVAR 
tOATA<l*dLDSiZE)  * IDEFAULT 
CONTINUE 


2090 

2100 

2110 

2120 

2130 

2160 

2160 

2160 

2170 

21BQ 

2190 

2200 

2210 

2220 

2230 

2260 

2260 

2260 

2270 

2260 

2290 

2300 

2310 

2320 

233Q 

2360 

2360 

2360 

2370 

2360 

2390 

2600 

2610 

2620 

2639 

2640 
2660 
2660 
2670 
2480 
2690 
2900 
2510 
2520 
2530 
2560 
2550 
2560 
2570 
2580 
2590 
2609 
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n oo 


W« i T6 { 7)  < J 0 A T A ( I > . I ai . NUHWPH  > 
NUHOLD  a IDAT*<1> 

GO  TO  620 


640 


649 

690 

660 


669 

670 


679 

660 


e 

690 


c 

c 

699 


700 

900 

990 

1 

2 


HATCH. 

SET  FLAG  OFF 

IF  <,NST.  FUAQ)  go  to  645 
ENCO0EtCHAHi2.iq)  NUMOLD 
DECOOE(CHAPi2.19)  JH.J2.j3.g4.J9 
HS|T£<6,17)  J1,J2,J3,J4,J5 
FLAG  * .FALSg. 

K s 0 

OO  660  1.NUHVAR 
IDATA< j*OLOSiZE>  * IVALIj) 
continue 

V|NlTe(7>  <IDAlA<t).rsl.NyMKPH» 

K * K«1 

IF  TK.GE.lKOnNx)  CO  tO  665 
REaO<i,END*700)  nOATACD.Isi.OUDSIZE) 
KrEC  s KrEC  *1 

GO  To  650 

KOUNT  a KOUNT  ♦ 1 
IF  <KOUNT.LT.NUMBE=n  00  TO  610 
READ<l.EN0a690)  ( t 0ATA( t ) > I al.OlDSIZE) 
KREC  a KREC  * 1 
IF  IFLAG)  GO  to  675 
ENCODEICHAR12.18)  IDaTAU) 
0EC0DE(CHARi2.19)  Jl, J2. J3, J4, J9 
WRITE<4,13)  "0".J1.J2.J3, J4.J5 
flag  a .TRUE, 

00  680  J a I.NUHVAR 
IDATa(J*Q1.0SIZE>  a lOEFAULT 
continue 

HRjtEltl  (IDATASn.Ial.NUlHPH) 

GO  TO  670 

call  FClOsEca) 

WRJTE<6.12)  KREC 
call  FCL0SE(7) 

GO  TO  .too 

SERIAL  .number  IS  IN  OECEMDiNG  ORDER, 
heans ‘an  error  has  OCCURSO, 

HRITE<6,14)  ISTAHT 
60  TO  900 

WRlTEt6,10) 

WR  jTElO.ll) 

STOP 

FORHAT(A80) 

FOPMAT(lHO»"DlRECTlv£  a '••a60> 


2610 

2620 

2630 

2640 

2690 

2660 

2670 


2680 

2690 

2700 

2710 

2720 

2739 

2740 
2790 


2760 

2770 


2780 

2790 

2600 

2610 


2620 

2640 


2840 

2890 

3660 


2870 

2880 

2890 

2900 

2910 

2920 

2930 

2940 

2990 

2969 

2970 

2989 

2990 


3000 

3019 

3020 


3030 

3040 

3090 

3069 

3070 
3000 
3090 
3100 
3119 
3129 


3 FORMAKiHO, 107. "UNKNOWN  DtRECTlVS**! 

4 F0RHAT(7X.l2) 

9 FORHAT<1H0.10X.I2."  files  were  SKIPPED") 

6 FORHaT(iH0.10X,I2."  FILES  WERE  COPIES") 

7 F0RKAT(7X.F8.4) 

8 FORMAT(7X.A60) 

9 F0RMAT(7X,13,5X, 12) 
to  FORHATtiHO.lOX, 

6 "ENCOUNTEREO  end  of  FILE  BEFORE  FINISHING  DIRECTIVE"! 
tl  FORMATllHO.iaX.  "PROGRAM  TERMINATED  ASNCR-ALLV- 1 

12  formatuho. "actual  record  count  a".:l5! 
t3  rORMAT(Al.T62. 

4'”0EFaULT  values  inserted  starting  at  serial  v;,",9l4» 
t4  'FORMAT{1X,"BaD  serial  number  a ",I19) 

15  FORMATIIX. I15> 13. <T25.4F3.2/) I 

16  formatuho, "LIST  OF  APPEND  DATA", 

6 >1X."  serial  no.  count  VALUES") 

1?  r0RMAmx.Te6."ST0PPtMG  AT  SERIAL  NO, ",514) 

18  FORMAT! 112) 

19  FOrHATU4.Ii, 13,11,13) 

END 


3139 

3140 
3150 
3160 
5170 
3169 
3190 
3209! 

3219 

3220 
9230 
3240 
3290 

3269 

3270 
3280 
3290 
3300 
3310 
3320 
3330 
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CSKEW 


C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

w 

c 

c 

c 

c 

Cl 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


N OCR ah  skew 
date  6/20/74 


PURPOSE 


CHANGE  the  ITNC  UATA  BY  GROUPING  TOGETHEH  THE  DATA 
WITH  SaHE  cell  point  ON  THH  SURFACE, 
the  mode  of  skewed  ITNC  FILE  IS  0, 


data  CAROS 

NOi  OF  files  want  TO  SKlL  ON  THE  INPUT  TAPEj  NO 
OF  FILES  WANT  TO  SKI?  ON  THE  OUTPUT  TAPE,  NO.  OF 

files  HaNt  to  skew  on  the  INPUT  Tape 

s.!";“SL:5;%5sr.?-  -h.  «ocess,« 

• ••  NOTE 

CARO  A)  hay  B£  RePeATED  >5  NECESSaRY 


DECK  SET  UP 


S 

$ 


IDENT  9999, user 
select  jyoung/sk 
data  c>.rds 

T 1 p»r*  ^ 1 * * ''O 


EW 


n 


Tape  02, a2dd, , ooooOi 
EnDJOB 


. T tow  5 W 

iT;APfe6f.OUT 


VABJABLES  DESCTIPTIOH  ,.b,„  tipc 

lilPSKiP  ---  ’40  OF  F’LES  TO  SXIP  OM  I^^U1  TAPE 

SPIk  p -1-  no;  or  rills  to  ship  on  aUTPUT  T;Pe 

NPSHfh  ---  NOi  or  fiLSS  TO  SHEW  ON  INPUT  TAPE 

jx'  4--  DATA  VECTOR 

NCOH  ---  COMMAMD  angle  NUHBER 

NSCAN  SCAN  number 


7 REAO!5;10Z.END  = 1)  NfSKIPiMF'SKlPiNrSKSW 
102  F0RMAT(3I5) 


IF  INF SKEW  . EQ.0»  STOP 
tF<NFSKIP.EQ.O>  GO  TO  A 
DO  2 isi.Nr$HlP 
3 READU.END»5) 
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o o r>  ri  o«r>  norxro  noooci  ooooo 


PACE  3 


00  TO  3 

$ C*U  rCL0SE<l> 

2 CONTINUE 

I iriMfSKiP.EO.o)  CO  TO  ii 
00  iO  I=17MfSKlP 
• )JE*0<2*6ND  = 9S 
60  TO  8 

9  CAUL  rci.0SE(2> 

10  COliTINUE 

11  C*U  S*<EU 
NPSKEHsNFSKEH-1 
IFTNrSKEH.NE.OJ  GO  TO  U 
CO  TO  7 

1 STOP 
END 

SUBROUTINE  SKEW 
INTECER  DOT 

OIHENSICN  lTlTl.E(10),IDATJS(3),ID4Tcm3>,lDATPS<3J,IOATMDU) 
lttX(5,5,150) 

DATA  IDn,T/0377777777r77/ 


READ  header 


NEADTCt)  OOT*NSEO,HODE,NHORDS,NREC» IDaTPS, IDaTJS, IDATCU, IDATBOi 
1 ITITCE  ■; 


test  ir  THE  MODE  IS  ITNC  ( MOOEaE  > 
If’rMODE.EQ.8)  GO  TO  10 

WRITE  ERROR  message  FOR  mode  IS  HOT  A ITNC  MODE 


HRITE(6, 1000) 

1000  F0RmAT<5X, 'THE  MODE  IS  NOT  A ITNC  MODE  AND  HAVE  TO  STOP') 
STOP 


IP  the  mode  is  ITNC.  write  header  on  output  taps  with  MODEsO 

MOOE»0  MEANS  THAT  ITNC  after  SHIFTING 


10  MODE=0 

WRITE  <021  DOT. NSEG, MODE. NHORDS.WRECi  IDATPS, I DAT JS , IDATCU.IOATMO 


'OBIGINAB 
QW  POOB  *i-. 
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UUUU  UUOUU  UUUUUUUUUU  UUUA>U  puouu  uuwu 


PUT  THE  DErAULT  VaUUES  IN  PIRST  POUR  ROWS  OP  THE  DATA  VECTOR 


00  « 1*1, A 

mi-* 

00  « J*1,S 

IXi t • v;il *DOY*1000»NSEG*la00000»J 
DO  12  K*2,nWoRDS 
12  !X«1,j;K)  = IDFUT 

6 continue 


SSAD  one  scan  op  OATa  (PIVe  RECORDS) 


19  do  V g*l,5 

9 READ  101.ENO>:''/  <IX(9,J,K).K-1.NW0RDS) 


DECODE  THE  NSCAN  AMD  NCOH 


scan  NUMScR  equals  to  zero  HEaNS  that  the  real  SCAN  NUMBERS  ARE 
NEOATIVE 


nC0(i'l*(3>i,lf/lQuCuu0 

NSCAN3iX<5,l,l)/100aa-NCOH*100 


write  cut  the  OIAGONAI.  terms  of  data  VECTOR 


47  DO  lOo:  J»1,S 

WRITE  <6,iS00)  «IX<J,J,K),Ksi.NH0n0S) 
100  WRITE  <02)  <tX<J.J.X),Kst,NwOKDS) 

600  FORM**  (5X,2tlO,5X.l6P6.2) 


SH|PT 


77  DO  22  l*2;5 
lSHlfT?l-l 
DO  21  Jsl.lSHlPT 
DO  28  Kxl.NWOHDS 
lXllSHIPT,J,K)-lXn.J,K) 

20  CONTINUE 

21  CONTINUE 

22  CONTINUE 


RAGE 

IP  <M,E0»1)  00  TO  10 


PUT  default  values  IN  DATA  VECTOR  AFTER  NSCAN  IS  DONE 

7 NSCANsNSCAN*! 

DO  13  Jsl.5 

IX<9,J,l)*DOy»1000*NSEQ*10000*NSCAN'»1000003*J 
DO  13  K*2,NW0RDS 
13  1X15. J»K)*IOrLT 
IP1M.LE.4J  GO  TO  33 
GO  TO  44 
31  M*H*1 

GO  TO  47 

44  CALL  PCLOSe 101) 

CALL  PCL0SE(02) 

RETURN 

END 


i 


CCS 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


UST 

DATE  5/22/74 


TO  UST  UP  TO  li5o  functions  OF  THE  COmFonENTS  OF  DATA 
vectors  OF  STaNOaKU  OaTA  FtlES,  ONE  WRITE  IS  EAgcUTED 
FOR  EACH  Data  vector,  TME  program  SEQgENTlACLY 
Cl)  reads  A data  vector  FROM  tile  code  Q1 
C2)  CAUS  A USER  PkOVIOSD  rOuTINE  TrNGNZ  gH|CH 
TRANSFORMS  THE  DATA  VECTOR 
C3)  WRITES  THE  TRANSFORMED  VECTOR, 


The  user  is  free  Tg  specify  any  rUNcTiONS  in  trngnz,. 


subroutine  Required 

The  USER  MUST  PROVIDE  A SUgROUTINE  OF  The  FOLLOWING 
FORM 

subroutine  TRNGNlINCOH, NITC.NSGAN, IX, X) 

DATA  UF  REOUIRED) 

RiTURH 

ENTRY  TRNGN2 


tRANSFORMATlONS 


RETURN 

END 


note  — NCOH,  ADO  NSCAN  *RS  the  COHMANO  angle  NUNHE*. 

AND  SCAN  number  RESPSCTIVElY  AND  *RE  RROyiDSD 
FOR  the  users  convenience.  IV  and  X are  BQTa 
' THE  DATA:  VECTDR,.;  ■■■ 


data  cards 


OO  u u «j  U OU  O O OU  U UU  U UU  UU  WU  U U O U oo  o uuo  uu  uuu  uu  u u uu  uouu  u uu  u u 


{PAGE  i 


1 CARO  — 12 

FILE  CODE  TO  HRJTE  LISTING 


t OR  MORE  CARDS  (aS  NEEDED  ) 2413 

RUNBER  of  COHPONENTS  of  rRANSF0E“S3  VECTOR  TO 
LIST  AND  SUaSCRIPTS  OF  THESE  C0‘'P0N6nTS 


* CAROS  12A6  < COLUMNS  1 through  72  INCLUSIVE  » 
header  FORMAT  hr  I TTEN  AT  TCP  OF  EACH  PAGE 


2 CAROS  — 12A6  < COLUMNS  t THROUGH  72  INCLUSIVE  1 
FORMAT  FOR  set  OF  COMPONENTS  FRO-  ONe  VECTOR 

« USUaLLT  one  line  1 


1 OR  MORE  CARDS  -»v  215 

number  of  files  to  skip,  NUMaSR  3F  files  TQ 
list.  EACH  CARO  indicates  BOTH  NUMBERS 


1 blank  CARO 

SIGNALS  The  end  of  listings 


ueCK  BET •Ur 


f I dent  9999, user 

$ SELECT  JYOUNG/LST 

8 fortran 

f INCQOE  IBMF  . 

SUBROUTINE  TRNGNt  (NCOM.NITC.NSCAN . I V ,X) 
DIMENSION  IX(150)iX(150I 
data  IF  REQUIRED  ) 

return 

ENTRY  TRNGN2 


•RETURN 

END 

8 EXECUTE 

8 LIMITS  10, UK 

8 INCODE  IBMF 
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ono  o o n oincick  o o oo  oooooi  ftnoo  ooo  o o oo  oo  ooo  o o oo  o cicn  oo  o 


PACE 


data  cards 

I TAPE*  Ol.XlOD, .99999. .NAME  (INPUT  TAPE » 

t ■ , 

other'activitibs 
( optional  ) 

f - 

S ENDUOB 


OltiENSIdN  NSUB(100>.rHTHD(72).FMTLN<24) 

ECHO  INPUT  CAPOS  TO  06 

URITE(6ti06) 

106  F0RHAT(//»  ECHO  Of  INPUT  QATA  CAPDS*  ///> 

READ  FILE  CODE  FOR  OUTPUT  LISTING 


READ  ( 5.99  » L 
99  format  (12) 
HRITE(6.103)  L 
103  F0RMAT(I3) 


, read  THE  MUM3ER  OF  COMPONENTS  TO  BE 

listed,  n.  and  Their  subscripts,  nsub, 

READ  (5. ICO)  Nf<NSU9<I).I=l.N» 

100  FORMAT  (2613) 

HRITE(6,104)  N.<NSU9U).I*1,N) 

104  F0HMAT(1X.26i3) 

‘ 'read  the  format  for  the  «SADBR  and  the 

format  for  one  line  of  listing 

^ read  (5.101)  FMTHD 

101  FORMAT  (12A6) 

HRITE(6.105)  FMTHD 

105  rORHAT<lX.l2A6) 
read  (5,101)  FMTlN 
NRITE(6.105)  pMTLh 

PACE 


read  NUH3ER  OF  FILES  TO  SKIP  AND  NUMBER 
OF  FILES  TO  LIST 

r READI5.102,END»1)  NFSKlP.tNFLIST 
1Q2  format  (2151 

SKIP  NSKtP  files 

IF(NFSKIP.eO.O)  60  TO  8 
DO  2 I=l,KFSKIP 

3 READ(1.END»5) 

CO  TO  3 

5 CALL  FCLOSE(t) 

2 continue 

LI$T  NFUIST  files 

8 IF  (NFLIST.EO.O)  STOP 

4 00  6 l-l.NFLIST 
CALL  tIST(N. NSUB. FMTHD. FMTLN.L) 

6 CALL  FCLOSE(l) 

CO  TO  7 

1 STOP 
END 


223 


PAGE 


C 

Q 

C 


C 

C 

c 


c 

c 

G 


C 

C 

C 

C 


C 

C 

c 

c 


c 

c 

c 


SUBROUTINE  (.1ST (N#NSU3iFMTHG#KHTLMtU> 

THIS  SUaROUTlNE  LISTS  FHQH  ONE  F|L^ 


DIh|nsION°^  rMTHO(72),r»TLN<24),lTlTlE(10)iIDATjS(3), 

1 IDATCU<3)#  IDATPS<3)-  rxU50).lDATMU{3)  ,NSUBa00) 

DATA  BLANK/IH  / 

read  header  record 

READ;  <Q1)  D0Y.NS€G*‘1ODE,NU0RDS,NRECjl0ATP5.  IDATJSi  IDATcU,  I DiTHq; 

t tTitle 

ASSIGN  11  TO  JGQ 
irtHOD€.EO.Q)  ASSIGN  12  TO  JGQ 
CALL  CLCCKl  nOA.VH3.lYR) 

CALL  TRNGNl(NCOM,NlTC,NSCAN,!)(.tX) 

NLINES=i 

mscan=o 

IFCHODE.EQ.D  go  to  2 
ASSIGN  5 TO  IGO 

NlTC=0 
GO  TO  8 


|TC  PASS 


2 ASSIGN  6 TO  too 
«n  trt  a 


H«1TE  DATE  AT  BOTTOM  OF  PACE 


3 WRITEa,103)  IMO.IDA.IYR 
103  rORMAT<  /90X,A2.'/'»*2»'/'1A2) 
NLINESsl 

RSCAN  s MSCAN  - 1 


WRITE  HEADER  FOR  THIS  FlUE  AT  TOP  OF 

each  pace 


8 WRITE  <L.l01)  DOY,MSEO,tDATPS.IT|TUEiBUNK  ^ 

101  FORMAT  (IHl,  ///20X#  *D0Y'»  U.  • 11* ' t ' »AX.  12.  V • U« 


14X»10A6./Al> 
WRITE  <U,FMTHD> 


/•.I2» 


read  a data  VECTOR 

4 READ  U.EHD»1)  <IX<1>.I*1.NW0RDSI 
NCOH»lX<l)/10000(J00Q 

GO  TO  IGO.  (?.6) 

5 NSCAN»<|X(l)-NCOM»100000qOO)/10000 
CO  TO  7 


PAGE 


6 NITC»UX<1)"NCOH»100000000>/Ilj000000 
nscaN»<Ix(i)-ncoh»i30oooooo-nitc»iooooooo)/icooo 

SKIP  A LINE  between  SCANS  (OH  BETWEEN 
CELLS  IF  MODE  s6  INDICATING  (HIS  IS  AN 
ITNC  file  that  has  BEEN  SKEWED) 

7 GO  TO  JGOV (11.12) 

11  IF  (HScAN.eO.NSCAN)  GO  TO  lO 
WRITE(L,lb2) 

NLlNeS=NLiNES*l 

GO  TO  13  ‘ 

12  rriNLlNES/AA6>NE.NLlNES.AN0,^  GO  TO  id 

WRlT6(LU02) 

NUNeS  = NUNES4l 
102  rORHAT  (/) 


c 

c 

c 

c 

c 


c 

c 

c 

c 


LET  THE  USER  tRANSdENERATE  I X BEFORE 
LISTING  ^ 


to  CALL  TRNGN2 

WRITE  <L,FmTLN)  (iXtNSUBT  P ) t I=1.N) 

V NLlNESsKLINES^l 
HSCANsRSCAN 

ir  (NUNES.Ge.49)  GO  TO  3 
- GO  TO  4 

1 MRlTEaBlOOl  IDATJS^  lDAtGU^lDATMO  j IHOPDA,  lYP 
. • « vr  > J At  n y , » J ® ^ • T f'  » ’ / * * I?  * * ^ * * I 2 • 8 X « ’ S i 

*'’*112*  */»riV;8X,  MOD—  • •12. ' . 12.  >/'  .12. 8X. 

1A2. '/••A2. '/'.A2> 

'■HiTyRN;::- 

END  OOQ 


TRUTH  - ^;12.V«; 
»TH|5>  LlbTlnv  - ’• 


p 


TRANS-OeNe^ATOR  FROGeA 

•C.' 


- rtiiN  l:nc 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

0 

c 

G 

c 

n 


language  — HONfeywELfS  SHRtES  6 00n  rcHtRAN 
$YSTEr<  R£l.£ASH  «• 


WRITTEM  -Y  KAHN 


17 -FE*- 


PURPOSE 


this  PROG-IAH  T^^nSFH^S  wta 

TO  OrSK.  IT  13  CiPASLE.  Of  *l£«blM« 

nT«;K  FTL  = . PROG^AH  OPE.'^i-TION  3Y  w.rt-wFiy-> 

RETUBNEO  3V  THE  •FEAO'  3‘J3'‘.“JTI VE  EPOH  FIL^ 

FILE  CCOES  6 AtlO  A2  CONTAI'MHE  ^F"0-T,  ON_rHE 
Av»r  tmh  nt<:vr  OUTPUT  iNPUT  F*L-  Cvw-  .*•  !• 

OUTPUt'fILE  coaes  iPE  2 and  which  vCNTAIN  the  FIuE^H£AO-pS 
»So  tSs  mta.  ?,£SPtcTna;.  10 

> «srL-,S3 


c 

c 


c 

c 

f* 

TRNGNl  ARGUHEMTS 

c 

c 

SCAN 

SCAN  HUh3EP  OF  C A TA  RECORD T INTEGER  ). 

c 

c 

ITC 

ITC  NUH9ER  OF  DATA  RECCRC ( INTEGIR  ) . 

c 

c 

COM 

COMHANO  ANGLE  NUMSERt  integer  > 

c 

c 

RECSize 

MAXIMUM  DATA  ARFAY  5X2E(  INTEGER  )• 

c 

c 

HEADER 

INPUT  FILE  HEACER  -.ECO^Ot  SIZE  — 27(  INTEGER  > 

c 

c 

c 

DATA 

data  RFCOROS  FROM  T>iE  INPUT  FILE  CXhESSIQNEO 
6Y  RECSiZEt  INTEGE-  >. 

c 

c 

DITTOi  REAL  ), 

c 

c 


TRNGf:«0  7 
TRNGNCTJJ 
TRN3NC:9 
TP‘4jf.?lT 
T?UG*I  rti 
TRrONOil 
TRNDS: 12 

T=  ,VN?1T 
T = N3NCl«* 

tPN/NC17 
TPNGNCl^ 
TRN7f,ClD 
TRNDM'a'^ 
TRNGU«?1 
TRNGNC22 
TONG MO 2 T 

TRNGNC2A 

TRMGMC>6i 

TONGMC26 

TRNGM027 

TRNGMC2S 

T2NGNC29 

TRUOMCTO 

TRNGKrDl 

TPNTN«T3 

TRNGMOV 

TRNGsSd^ 
TRNGMC37 
TOVGNCT' 
TPHGNCT9 
TONSr.CJRO 
T2MGNti-l 
TPNGMn42 
tong NC 43 
tPNG.NS^'- 
tPNGNQ45 
TRNGNP46 
TOMGNa47 

trmgnc*** 

T^MGNC-9 
T7NGN050 
TR MO NO 51 
TRNG?i'»p2 
TONG MO 53 
tRMGM05‘* 
TOMGM055 
TRNGN  056 

irnGncs? 


C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


qlRECTlVcS 


REMIND 


TITLE 


RECSIZE 


SELECT 


Etc 


C 

0 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


CONTENTS  OF 


read 

tRNON  1 
TRNGN2 


HO  V4PIA3L-:  Ai'C'CS  TNP'JT  FU.i, 


. 76  wONTtltl 
Tr£  CLO  TITLE 


TITLES  OOTFJT  FXLEf  C:L'JKj5_l^ 

THE  tt£H  title.  I-  ■;o-  '^---^T, 

IS  AETAI>*EC« 

a4T4 

recoros.  assuhec  -..jnEX-  is  so. 

selects  IHFJT  files 
YEAR  AND  SE'J^EnT 

;SLLOHEa"syANiyES- 

IMdICATES  that  THE ^rT^ 

ANO  CLOSE  THE  OUTF'JT  HzEGr^  FIL-. 
allows  THE  VAEUeLE  FtE.O 

^TW  A SLAWK  INSTEAJ  OF  A COHHA. 


TRAMS-GENEf.ATOR  PROGRiH 


i P*AIN  LINE  J 
( tlEFARY  ) 

< USES'  StoPLiEO  ) 
( U5EP  SUPPLtEC  » 


TRNG}/.  6* 
T^NGMC^l 
TRNGMCfi2 

TRNGS.E- 

Tn‘{GN3c% 
TRMGf 0S7 
T-‘KN''bl 
t '''.**Gti  3b5 
NO?:  CTO 
T=‘NGSC71 
TRHGN^ra 
T^NGNCTI 

trngnotv 

TRNGN0  75 

TRNGNi'/p 

TR NGN  0 77 

TRNGN073 

T7NGNC79 

tnNGNC?3 

T-NGNt'^l 

t^NGNG3B 

TRNGNP33 

TR>1GK<’34 

TRNGNC35 

t.RNG  Ned'S 

TRNGVGi’^ 

TP.MGNea^' 

TRNGNrad 

TRNGN093 

TRNGNC31 

trsgn;32 

TRMGNm 

TRNGN03> 

TP.NGn"93 

TPNGN037 

t^SC*NG9d 

TRNG^<P99 

TRNGNtO'J 

TRNGMM 

t^NGNtl? 

TRNCn03 

TRNONl'A 

T-nG>«105 

TsNGtMOb 

T^N3M^7 

t9sgm:? 

T'=»nGM03 

T?NG‘mO 

TR*^GNM1 
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SAHPte  PPOGRAM 


TITLE  example  ; 

SELECT 

ETC  c«? 

PEWIMD 

SELECT  2-1 


SAMPLE  PPOCPAM  cXPLAlNATlOn 


ThE  TITLE  CF  Tr-E  OUTPUT  PIuS  IS  •“XAMPlH  A^. 

THE  files  ^6*^060  TH*  SECO’IO  CIC'JnANCE  OF  5-1# 

AND  6-2.  the  INPUT  FILE  13  THt?i  ^r-40aN:,  T-tc  TITLE 
IS  taken  F-tOM  the  Input  file  2-1.  WHICi  IS  tJ^ANSFERStO  TO  THE 

OUTPUT  FILE. 


T9N&M12 
T-NGNIU 
TOfiGMlL 
TRNGrM5 
TP  NON  116 
TF‘16M17 
T?*43NltA 
TRNGM19 
TP4GM20 
TPNSNtEl 
TP NO Ml 2 2 
TP.NGM21 
TPNGNn*. 
T»SGN12E 
TPMGM2-S 
TPNCM27 
TPNGM2a 
TR»4GNt2a 
TRNGK130 

TPNGM131 

TRNGMITF 

TS'NGhlTT 

TpnONITu 

TRNGN133 
TPNGH1T5 
T PNG  Mir 
TPNGN13T 
T?NuNj-^5 
TENGmILiJ 

TPNGNi*! 
TPMGM4? 
TRNGMLJ 
TPNGM->. 
T?NGN1L> 
TPMGM 146 
TP  NGN 147 
TP.NG'vt-*) 
TPNGNl^q 
rPNGfl50 
TPNGM151 
TENOf  is? 
TP NGN 151 
TPNGNiSl 
TPNGN15’ 
TPN&H1S3 
TEN0N15T 
TP NGN 153 
T?NGM51 
TPNGS153 

t?N&M 153 
TPNGN151 
TPNG;il53 


OBIGINAL  PAGE  IS 
OF  POOR  (iUALITy 
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,oc»  oo  r>  oo 


.MOi  ICIT  ItlTcG£^«  * " ''  ‘ x--i'  = r XCATft  * 17, 

5»S‘;5.  .c«t  -J. 

conSon*'  /«e«C/  r >* 

^4csxz.;/’ 

/ 30H«T1.****  7 » lA, 

EaUlVALEijCEl 

“ , HOOF,  H£A^-i  ] ‘ ’^c^c^O,  HEA=-«  >.»!;.  , 3 ,j 
rTITEE.  13  n,  t =eP2iT3,  SJ  = -.a1.j1  3 »» 

V OLD^AHE,  HtA0j:«<  13  »'• 

CALL  FVOPTC  61,  J»  1*  ® ! 

CALL  FVOPTl  as,  1,  1.  1 » 

CALL  FXALTi  IA70  > 

vnnuzzz  s^sHounus  LiM'<A5£s 

CALL  TFN^nii  SCAN,  m.  CON,  nCSIZE, 

4 D&TAt  CATA  )•  , ,o  '••HnP* 0 f CO‘^'^iNOSf  2 1 

^ >.?r  OEADl  INFOT,  COMAMC,  o-Jr,F...D, 


CALL  PEAOl 


call  OATIHt  C^7£,  NC55F  ) 
OECOOEl  OAte,  50q  » 
WRITE!  i.a.  530  » ChTE 

WRITE!  6,  505  ) 

GO  TO  20 


G£t  3AT  • 


g » 3 0 3 f » j C i S i * G 


«RIT£<  e,  510  V 

gall  PEAt>£CHO 


£-D<  1 >' 


T?»4bM>4 

•T»NC*nl?5 

T^NGNlSft 

T?nGaip^ 

t52 

T<UG*U5i 

T3NSNt5t 

TsIMSM52 

TR^GliiSS 

T^NONie- 

TRSGNia^ 

TR'iONloc 

T^KGSlod 

TRN&N169 

TRMGni71 

TPNGS171 

TRNGN172 

T3iMGNl7T 

TRNGfll74 

TRN0St75 

TON 5« 175 

TRNGMtr/ 

TRNGN174 

tRNGt*l73 

TPUGNiaO 

TRMSNtdl 

TRNG?ii32 

TPMGfUA3 

to NG HI 34 

TONGN135 

TONGH135 

TRNGN13'’' 

ypHcHlSa 

TOMGJI135 

TRNGH  131 

TRNGNllt 

TRSGN132 

TonGnIIT 

TRNGN194 

TRN0N195 

TRNGN136 

TRNGN137 

TON3N13S 

To,*iGNl39 

TRNGhcOC 

trnc*‘;2  )l 

T = »IGN202 
TRMSN20T 
TRNStiZ54 
TRNGH‘235 
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C 

C 

Zlf 


£NJ  OF  :NFJT  F;Lc  KcfiCHEO 


IF<  EOF  > t V90, 


c 

c 

c 

c 

coo 

c 

c 

030 


INPUT  d:-.ect:ve  o-ecked 


00  30  MATC^<  - If  CK?S 

IF(  command  fEC.  CCMMANDSi  ?1ATCH  )1  GO  TC 
( If  2f  3f  4 If  MATCH 

WRITE  f 6f  *5^0  ) 

GO  TO  20 


title  Oioscnvc  PFOCESSEj 


OOi  TITCE  s INPUT 
GO  TO  ?C 


REWIND  COMMAH3  PEOCtSStC 


C,  ■ . 

c 
c 
c 

•C.  ,,  . . 

c . 

c 

*..*  ••• .......... 

002  SEHIMD  1 
GO  TO  20 

C.  . ..............  4....................  ... 

C ■ ■, 

C:  ■ ■ ■ . ■ ■ , , . ■'  • 

C ■■  ■ ■ , ■ ■ 

C ■ , ..  . . ■ ■ . ■ . • 

c RECORD  SIZE  PE0CES5E0  > 

c ■■  ■■,  ■ - * ■ ■ 

0 : ■ 

C.4.... ......  ........  ...  ................ 

003  Iff  SU6FIELCH  111  10.  ID. 

c 

c.  ■ ■ ■ ■ ■ . ■ ■ ■■ 


T'-nGNP'^o 

T^NGN?07 

T>HGV203 

TRNGHFn 
TRNGN211 
TRNGN212 
TRNGN213 
TPNGN214  ; 
T-NGN215 
T3NGNZI&  ; 
TRNGN2i7 
TRNGN213 
TVIGN219 
TRNGN220 
TRNGN221 
TRNGN2?? 
TRNGN223 
TRNGNP2U 
TPNGN225 
TRNGN226 
TRNGNP27 
TRNGN223 
TRNGN229 
TRNGNP30 
TRNGN231 
TRNGN232 
TRNCN233 
TRNGN234 
iGii  235 
TRNGN236 
T^NGN23r 
TRSG M2T8 
TRNGN239 
TRNGN240 
TPNGN2L1 
TRN5N2A2 
TRNGN243 
T5NGN244 
TRNGN245 
TPNGN2^6 
TRNGN?47 
TRNGN249 
TRNGH249 
TR NGN 250 
T^^NGN25l 
TPNGN252 
TRNGNaSt 
tRSGN23t^ 
TRNGN255 
TONGN  256 
TRNGN257 


D 


c 

c 

GIF 

C 

c 

c 


c • • • < 

c 

c 

c 

c 

c 

c 

c 

'C  • • • ' 
004 


c 

c 

c 

c 

CtP 

c 

'"o40 

c 

c 

c 

c 

GIF 

C 

C 

C 

c 

c 

c 

G 

C 

c 

c 

c 

c 

c 

c 


FECO'^3  GIZ£  NOT  KlTk^IN 


XF<  SU8FI£UD(  X > •OT*  ^AX3ATA  ) ^50  TO  tC 

RtGSIZe  =*  SU0Fr£LC< 

GO  TO  20 


SEuECT  DlPECTlVi  F^COESScO 


iri  suBFictof  1 M * iCt 
TOTAL  “0 
TAB  » 30 
FILES  » 1 

lines  a 1 


ENO  OF  F.ECOBO 


|F(  ENOREC  ) f 


null  SUSFIELL  present 


IF t SUeFlEuPI  1 ) ) • S5. 


COUNT  OF  FILES  TO  9E 

PHOvESSEJ 


EILE3  ^ files  > 1 


TPNS  e 

TRNSN259 

T^NSS290 

TFNSN261 

TRNONr'^2 

TP?lGN2oT 

T PNGS ^94 

TPNGwFpS 

TPSGr 26^ 

TPNGS’oT 

TR‘4GS?$6 

TPNGS76B 

TnNSS2/3 

TRNSNI71 

TR'IGN272 

TRNGN?-T 

TP.NGrt?74 

TRNGN275 

TPNGN27E 

TPMCN277 

T PNG  N 278 

TRN&N279 

TBNGS230 

TPNSS2S1 

TRNGN232 

TPNGS213 

T»NGfi2SJ* 

T»NGN?35 

TPNSN239 

TPNGM?a7 

TRNGN23d 

TRMGN2i9 

TFNGS2#0 

TENON? 91 

T3’IGn^9^ 

T ENG N 201 

TENCN294 

TENON  209 

TEN0S='96 

TENS N 217 

TPNGN73i 

T>NGN239 

TENGU33Q 

TPNGST91 

TPNG*fJ02 

T5NGK3Q3 

T2NGNJ0L 

TENGM33$ 

TPNGrTOo 

TENGS307 

tenon 308 

TFNGNtOl 


XF<  ENOLINS  > 60 


CIF 

C 

C 

055 

C 

C 

c 

c 

c 

c 

c 


060 

C 

c 

c 

c 

coc 

c 

c 

oro 

oao 


090 

C 

C 

C 

c 

CIF 

c 

c 


092 


C 

c 

c 

c 

CIF 

C 

c 

095 


FNO  OF  i:\i  FEJC-iiO 


COUNT  Kc«se=  0-  ETC  C4»C3 

UINES  a LINES  ♦ I 
CALL  J?eAOECHO 
GO  TO  4,0 
CALL  SOFT 
G 0 TO  AO 


BACKSPilCE  TC  * = ONT  Or  RECORD 

00  60  9ESET  s i,  LINES 
BACKSPACE  5 
CALL  HE^OHZHO 
ASSIGN  IL2  to  9V PASS 
GO  TO  no 
CALL  FCLOSEX  1 > 


data  RECCP.D  rouNT  IN  NOT  IN  SPROa 


I F C H S A C E 9 ( 5 > . E I*  p ECO  F3  3 
HP  IT  E < 6 r 6 0 0 » ECO  F. 0 S « He 
MCAOE^C  5 ) = PrCGPDS 
WRITE ( 2 ) header 
total  * TOTAL  ♦ RECORDS 


> GO  TC 
AOfR  (5  > 


cNO  OF  P£CD-:  NOT  RciCHEO 

XFi  ENCPEC  y 100,  , 

ENOFILE  2 
£NDFILE  3 

WRITE(  L2,  610  ) TOTAL 


PAG 


TViGNUri 

TRNGN,m 

T^NGNU2 

TPMGMll 

TRN0N314 

'fRNGNllS 

tenon  Tie 
TRNGN31F 
TRNGN319 
TPNGN319 
TRNGNT20 
TRNGN121 
TRNGN322 
TRNGN323 
TRNGN32V 
TRNGK325 
TRNGN326 

TPNGf*T07 

TRNGN729 
TRNGN329 
TRN3N7T3 
TTN3N331 
TRNGNT32 
T?NGK?T3 
.TRNGN33.4 
TRNGN335 
TTNGN7T6 
TRNGN31T 
TR  ,G  M 335 
TRNGN339 
TRNGM7V0 
TP.NGN3LI 
T9NC?,3g2 
TRNSK‘3V3 
TRNOf.'^LL 
TP%*5  T<*p 
T=^NGn3R6 
tpnsnt*,? 

T=>n5N3:,«I 
TRNCM349 
TRNGNIRO 
TRNGN351 
TRNGM52 
TRm5NT53 
T TNG N 354 
TENGH355 
TR.V5M56 
TTN5n^57 
TTNGN353 
TRS3N359 

T’nsnis: 

TRNGN361 
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PAGE 


GO  TO  20 

T^NGN3o2 

c 

TRNGN363 

c 

c 

TRNGM3^^ 

iRNGhloS 

c 

T3NGN366 

Clf 

FNO  Of  line  riOT 

TRNr,N357 

c 

TRMGN35" 

c 

If ( lNOLInE  ^ 104f  t 

TRNGN369 

1 00 

TRNGM370 

CAU  FcAONEHO 

T 5 NGN 371 

10<f 

GO  TO  1C6 

TRNGN37? 

CALC  SORT 

TRNGN373 

c 

TRNGN374 

c 

TRNGN3  7G 

c 

TRN6N376 

c 

VALID  FILENAME 

TRNGN377 

Cl  F 

TRNGN778 

c 

TRKGN379 

c 

rfc  suBfrELOi  in  t gs. 

. TRHGM330 

106 

rRVGNTBl 

110 

SKIP  - REPEATS 

TRNGN382 

120 

REAOi  1*  END  = 470  ) H£ACER 

T5‘iGN3  33 

C 

TRNGN384 

c 

T^NGNldE 

c 

TRNGN3  86 

c 

T»NGN387 

GIF 

SEARCH  fOR  CORRECT  FILE 

TRNGNY^a 

C 

TONGrnas 

c 

TRNGN390 

IFi  saSFIELDi  1 J .NS.  r:LSMAMf  ( 1 n fin  Tn  m 

T *5f «r  k»*7  -» • 

IFl  SySFIELOl  2 1 ,£0.  F:LEnAM£(  2 ))  GO  TO  140 

TR,NGN3g2 

c 

TPNGN393 

c 

TR NO  Ml 94 

c 

TRNGN3G5 

c 

TP NGN  39 6 

c 

TRY  next  file 

TRNGM397 

c 

TRNGN393 

c 

READ  i If  ENO^llE  ) 

TR‘IGM799 

130 

tRNGNLOU 

GO  TO  130 

TRN&N4Q1 

135 

CALL  FCLOSEt  1 i 

TRNGNuT^ 

C' 

GO  TC  120 

TRSOML-IT 

TPNGN434 

c 

TRNGN405 

c 

TRNGNuOp 

0 

TP.NGN4.^7 

c 

CORRECT  FILE  FOUNC 

TRNGK40T 

c 

c 

TRNGN409 

TRMGN410 

140 

SKIP  = SKlo  - 1 

trngnli: 

oc 

TPNGN412 

TRMGNLll 
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c 

TRNGNLtA  i 

c 

TRNSN415 

GIF 

COUNT 

T=NCN4ie  ; 

C 

hOT 

TRNGU417 

C 

T=*NC-NLii 

c 

TRNGN419 

IFt  SKIP  ) f « 130 

TRNGNi.20 

GO  TO  BYPASS 

r^NGNi^Sl 

c 

TRNGNV22 

c 

TPNSN^2'{ 

c 

TFNGN42U  i 

c 

T9NGN425 

c 

WRIT-:  FILS  HEA0E4 

TR NGN  426 

c 

TRN0N427 

c 

TRNGN425 

IkZ 

IFTTITLE  .NE.  * • 1 GO  TO  141. 

TRNGN429  ‘ 

c 

TRNGN430 

c 

T=riGft43t 

c 

TRNGf443? 

c 

TRNGN432 

c 

WRIT-  I£“lUtT  TITLE 

TRNGN414 

c 

7RNGN435 

c 

T»NGN436 

WRITE(  2 ) i HsarERi  I ) « I 5 iii,  ?7  » ♦ 

T^»NGNU37 

1 

IDATEf  FILES,  RcCSIZS 

WRITE ( 42f  540  ) «ECSI2Ef  OlONAme 

TRN0N439 

GO  TO  146 

TRNGNAuO 

c 

TONGN4.L1 

c 

T3N»;n44‘>  . 

c 

TRNGN441 

c 

TRNGN444 

c 

WRITE  ut>i  TITuE 

TRNGNtiiS 

c 

: 1 . , 

t»NGN4-.{5 

c 

T3NGN447 

144 

WRITtl  2 > iTITLEf  lCaTEf  FILES,  EECirZE 

TRNGN443 

WRITER  42f  540  ) =ECS1ZE,  TITLE 

T^»ng 

TITLE  = • • 

T3N5Kt.5: 

146 

ASSIGN  143  TO  nvoASS 

T^N'^NwSl 

148 

ENCODE < LOCATICN,  ESQ  ) TAS 

TRNGM452 

IF(  ENCREC  ) 150,  , 

T'®  NG  N*«»  5.3  ■ 

WRITER  4?,  LOCaTXCN  » SU2F  t£LC  (1 ) , C-.iFI  ELS  < 2 > , 8L  ANK 

TRNGN454 

GO  TO  152 

TRNGNA'^S 

150 

WRITEI  42,  LOCATICN  ) SUEFISLO  ( VJ  , S t;- Ir  LD  C2  1,  COWNA 

TRNGNLSp  . 

152 

TA8  s TAB  f 6 

TRNGN457 

C 

TRNGN453 

C 

T=^NGN45'4 

C 

T^NGNLbO 

C 

T^NGNCct- 

GIF 

END  DP  UInE  NOT  REAC-iEO 

TRMGMi.6? 

C 

; . .TFNGNUtj'l  - ' 

C 

T.’xNGNU64, 

lFt'.'TAB  rO'154>:' 

TFNGN465 

233' 

. ■■  

c 

c 

c 

c 

c 

c 

c 


c 

c I 

c 

c 

GIF 

C 

c 

15% 

C 

C 

C 

C 

c 

c 

c 


160 

C 

q 

c 

q 

coo 

c 

c 


TAB  s 30 

WRITER  %2t  5 60  ) 


MOOE  IS  nor  srANCfcPO 


RECOROS  » 0 

IM  HOOe  •IT#  2 •CR«  MOO-  #6t.  13  V GO  TO  iro 


PRocess  f^cCcS 


ZERO  * 0 
SCAN  » 0 
ITC  = 0 
ENOCQF  =5 

IFf  MOOE  #LT.  6 > GO  TO  163 
ZERO  = ZE^Q  > 1 
EHOCOM  s 12 
SCAN  * SCAN  ♦ .1 


PROCESS  rrUE  =EOOrOS 


DO  167  COUNTER  = 1»  E^?CO^‘ 

COH  = CCUNTE^=  ZERO 

PEAOt  I#  ENO=^n  ) ( jATtt  I If 

RECOROS  = RECCROS  ^ t 

Catt  TFNGNZ 

WRITE!  31  I OATAC  I I#  Iv 


I - If  rN»iCOR3  ) 

ciicsizr 


CLEAA  CATA  : -EC  3RO  4RE4  cXTEMSIOrl 


TRNGOAoZ 
t^'lGUA6  ? 

T R SO  l*J»6  G 
TRNONR73 

TRNGN472 

TRNCrvt.73 

TRNGN474 

TRNGr.vZS. 

TRNGn4?6 

TRNOMtZZ 

TRMCriu?'^ 

TR?r/N47R 

TRNGN4S0 

TR?4GN4^1 

TRNGN432 

TPNGN433 

TRMGNAd^ 

TRNGN465 

TRNGN436 

TRNGNLfl? 

TRNCN4d3 

TRSGN431 

TPNGN490 

TRNGN491 

T3NGH-92 

TRNGN493 

T3Mr.M.A‘2*, 


TRUGN*#95 
TRNGN439 
T9NGN49Z 
T9NGNi.93 
TnNGN499 
TRNG MS 03 
T^MGNSQI 
TRNGM5Q2 
TRSGN533 
TRNGM504 
TRNG^{505 
TRNGflSOS 
TRMGNS  j 7 

TRMGN509 
TRSGNEll 
TPNONEil 
TRNGN512 
T I NG  MS  I 3 
TRNGN51V 


239 


PAGE 

It 

c 

OP  165  CtcA^  » 

T3N3N516 

165 

:ata(  clea^  ) = 0 

7EMGN517 

ter 

CONTINUE 

TRMGTI513 

GO  TO  160 

T^SC-N519 

c 

TR^4:f!5?n 

c . . ■ 

TRSGN521 

c 

TRNGN522 

,,  c 

TPMGK523 

c 

TRVGN524 

c 

POOCESS  f.0N-5TAN:-A4J  MOOES 

TPNGN575 

■ ■ ■ ■ ■ c 

TRNGN526 

" ■ c 

TRNGN527 

170 

SEAOl  If  END  » 90  |v  ( 'D'4tA<  t ')  f I a if  ' INSECOR 

TONGK523 

CON  » SERIAL  / to  8 

T3-IGN5  23 

ITC  ■ C SERIAL  / 10  ••  7 » - t CON  • 10  1 .... 

TRNGN53a 

SCAN  ('.serial  / IC'  *•  L 1,  - ,(  .ITC  * 10  »»v3  > -. 

t«^MGN5  3l 

( CO.N  *■  10.,  if  >■  " 

TRNGN532 

RECORDS  a aacORDS  ♦ t 

TP;<G7j533 

CALL  tPNONZ  . 

TRi*«3N5  34 

MRITE't  '.3' 1 if  I".:*/lf RE.O'SIZE  1 : ' 

TPNG»5535 

■ Q 

TRMGN53G 

0 

ra{V3N537 

, , c 

TP,‘|GN53M 

' c 

TR'NG\5  39 

cop 

CLEAR  04TA  RECORO  AREA  eXTENSXON 

T5.HGN540 

f 

'C  . , 

• « ^ *9  X 

TRNCN542 

DO  lao  CLEAP  » TNREC0R:»  RECSI2E 

TPNGN543 

too 

. . OATA.I  CLEAR  » 0.  . .. 

TP^MGN544 

CP  TO  170 

tRvGN545 

„ ^ c.  ' 

TRNGN54& 

■ c- .. 

TRN"K547 

c 

TRSGlJ54fl 

c 

TR‘(GM545 

c 

program  A53:iT  P,^aCI3S50 

TR‘IGN550 

, c 

TRMGN551 

c ■ 

TRMGn552 

ENOFILE  2 

TPMGN353 

ENOFILE  3 

TRNGN554 

WRITE  ( 42V  5 70  ) 

TRNGN556: 

IF(  REPEATS  - 1 ) » . ‘•75  ' 

13-^0:557 

HRITE(  6f  580  ) SUBFIELO  < 1 ) • SU3fIELCt  2 ) 

TRM3K558 

GO  TO  480 

t=NGN559 

■ 475 

WRITEC  590  > SU8FIELD  ( 1 K Su-:FIHLr(  2 l» 

T3MGS560 

i 

SUeFXELD(  3 1 “ SKIP  . : * 

T^MGhsei 

480 

CALL  FXEM(  61f  t » 

TRvGh56? 

c ■■■ 

TRriGnsei 

c 

T?  NGN 5 64 

■ j 

c 

T3N&ri565 

c 

' ■ ■ ■ 

T=NGN565 

!■  - ■ C ;.  : ..  . 

iV 

. , / NO=(MAL  .T‘3M,:.‘iATION  ' 

T?  ;GS567 

m OF 
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4»90  EUZflLE  2 

CHZrXlE  3 
P.ewTMD  t 
HE^VIO  ^ 

REHU.0  3 
WCITf:  C U?t  S70  I 

STOP  • CHO  OF  TPftriS  - GS^NCRATOK  ACTlVITy  • 

SOO  FORMAT  t I?,  ri*f  IZf  T7«  12  I 

50^  FOT-H/iTt  •a**  t<«7*  ‘TPANS  GENLRATOR  3lP.r.CTtV6‘, 

1 , • o£rO^T*  f‘  / H ! 

510  fOCMATt  • % 5<  •••  ’ f ; SUPFintO  ••  t IfJ*  » I<tf 

I •-*,  ii»  iM*,  • ruf GAi * tghoro.*,  try  )> 

520  FO-M&TJ  • •*  •••  l»  • f OUFCtlVt  UtIKNO 

1 ‘ ’ IGNCP^yU  • •*</!) 

530  rocRATi  -n*,  !?•  A%  T57,  ‘OUfPUt  fItF  SlR^CTOKyS 

1 3<  / I » t2.  *i*GC0*^0*t  T15*  ^FILE**  T30f  *FrLCS*  / 

e T?,  •512':%  T15r  ^flTLn:**  T 3f:  t ’H^PGEO%  3 T / > ) 

5<*0  Fa=^iAt(  ?t  / T2,  I3»  T15,  AeOf  3 t / >> 

550  FOFMAr(  Titf  U > 

560  FO A T { • • ) 

5 70  FOSHfiT  t ;■  TCF^  M 

5fta  FQJ^MmT*  • *f  5<  •••  >f  * T FILRJ'IAMH  ln*t  I3f  1 1» 

t . IN*  , * MA  S-  UCT  FCUHC*.  ) - 

500  Fa-:iAT<  « 51  • T FXi!i:NAHF  *•  IhS  I3t  Ilf 

1 Ih*,  • WAS  Of?LV  Fcuro  Vt  lit  * ?:k~S‘  > 
too  FORMAT  ( •n*f  5 4 •••  If  * W THF^t  WgnE  Q^ilV  *f  15# 

1 ‘ fECORDS  FOCNOt  EXPECTING  *f  15,  • ^ECOPOS*  > 

5i0  FOPHATt  *0*f  T30.  •THEPE  A^tE  I5f  ‘ OATA  RECOROS  IN  THIS 
1 * fXU*  > 

^ tM  . ^ ^ 


T^,NCiN5$a 

T=NGt,sr>5 

T ->‘)Gn-72 
TRM^M573 
TPNGr.oT;, 
T^N0N575 
TP  NG  N 5 76 
tP,NGriT7  7 
TR?lGtl5  70 
T^NGN579 
T*7M0n'=%!) 
TP  MG  n 5 31 

TPMVIi.es;, 

TPMGrr?«»3 

T^HGNvHN. 
TP!iGNG;J5 
TPNGG5S6 
TPNGt.f  d7 
T‘?NGH5  3-i 
TPhGrJr^^ 

TPUGt  PU 
rpNivijeia 

M514 

THNGN535 

TPNGNSGo 

tRW6N597 

T9SGto9A 

TPNGN559 


oonooooooononooonooonovvc  noooooooooooooonoooooonoottn 


C3IEA0  PROGa^VH  DlR=:CTtVS  INT£3PR^:T  E=l 

language  ^-  HO^EVv4eLC•5  S£-^’£S 

SrSXz,n  RELEASE  ft. 

WRITTEN  By  JAPES  KAHN  ?7-jAN.75. 

UPOATEO  TO  HANCLE  real  NUH3£^S  BV  JAHES  KAh?J  16^FE3-75. 


PURPOSE 


THIS  ROUTINE  SEARCHES  FOR  DIRECTIVE^  ON  FILE  C03t  5 
fLw3  TiiEIR  VIRIAGLC:  riCLO  VJ^?  i TO 
ITS  CAU.IMG  ROUTINE.  THE  ‘HTp  * ^lEECTXVE  IS  PR0:E33E0 
exclusively  fey  this  ROUTZUE.  - the  OATA  format  ^ CCHH4N0 
OIRECTTVE(  COLUHNS  S - IT  ) AHc  OPTICNiLLV  POLlOWES  SV 
INFORMATION  IN  ITS  VARrArL-:  FIEL0S(  :ClU‘"NS  lo  - 7?  ) . 

EACH  variable  FIELD  ON  the  CApG  IS  ScFiPATES  SV  A SCMPA. 

A elANK  MAVKS  THE  EEGINNIN5  OF  THE  CC‘^H£vr  FIELC  CM  TPc  QATA 
card*  THE^E  ape  three  SOECIiL  CHArACTE-2  ALLOWE:  IN  A 
VARIAaie  FIELD.  A T.*  IN  THE  NUH3ER  •'<IR<3  IT  AS  A 
NUrtBERr  OTHERHISE  TH-  ASSUHcO  TYPE  IS  liNTESE^.  A AND  A 

•••ARE  The  REMAINING  SPECIAL  CHA^ACtc^S^  -HlZR  DPEsation 

IS  identical.  the  NUHBEE  following  T>-ESE  CH43ACTEyS  IS 
STORED  IN  the  •EUaFIELD*  AJRAY.  A HAYIMUH  TwO  wC^CS 
ARE  available  FOR  STORAGE.  A p5»0VlS:C‘-t  5EFN  ttiCE  fOP 
SPECIAL  PROCESSING  BY  THE  U3EP  OF  CE‘T:IN  GDHiAND  jIkECTIVES. 
THESE  SIX  CHARACTE5  OTFECTIVES  ARE  CCNTtflEO  IN  Thi  ARRAY 
•SPECIAL*  AND  VARIABLY  DIME.NSIDNEj  BY  •XSPECIAL*.  IF  NO 
SPECIAL  processing  IS  OESIRED.  IT  MUST  CONTAIN  A ZERO. 


READ  00 At 

PEjiCQQaa 

RE AO 0 GOT 

P£AOOfn,$ 

REAOOC03 

PEADOCOL 

READ  00 05 

READdCOfe 

READ0007 

READ  0 00 S 

READ0019 

READ  0 CIO 

RcADOOlI 

READ OC 12 

REACOniT 

REAOOOIA 

REA0  0C15 

PE AO  00 16 

RE|ACrci7 

READ  00 1 ft 

READOf-lB 

REAGQ020 

RE  AD  on  21 

RE  AD  00  22 

READC023 

REA00025 

READ  0025 

REA0CC26 

READ  0027 

READ 00 2ft 

READCC2B 

REACQClr 

PEACOOlt 

REAC0C32 

READ  0033 

READ0034 

READ  00 35 

REAOCC3b 

REAC3i:37. 

READ  0 03ft 

PEAC003B 

OEADOC40 

PEAS  OC  41 

READ  0,0  A2 

«c  AC  do 43 

READ  0044 

READVT45 

REA30«46 

READ  00-7 

REAa004S 

PEADCC49 

READOuSO 
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f‘4GS 


2 


ENTSV  FOINrS 


read  SETS-UF  tn£  sueSOUTtNi  Ll'iXlJS  Jk:  i^'jgH^NTS 

FOR  USE  9»  TH£,0ft<£R  ShtRV  FO:nTS. 

REAOECHQ  , REACS  IN  t NSW  ClXSCnV;.  s:«3  esr.vTS  IT, 

AND  OEGINS  S04NNING  OF  THE  VASIi&tE  flEtOS 
IN  ■COCOMt  Ife.- 

REAONEPO  REAOS  IN  A NEW  PIASCTIVE  ANO  aSGII.S  SCANNING 

OF  THE  y/A?XA3l.E  FIELDS  STARTI'iG  IV  cs^UiN  16 

SORT  SCANS  THE  VARlASLi  Firtas  QF  the  CURRENT 

OlRECTIVE  , UNTIL  A C0HH4  Fi£L3  SEPERATOR  OR  A 
BLANK  SCAN re^HIUATOR  IS  FqUN3,  ' / 

SPECIAL  AN  ARRAY  Of  SIX  frHAnACTER  3IRE3T1VE3  THAT 

ARE  NOT  To  BE  PROCESSES  9Y  ThIs  PSusram. 
THESE  HILL  3S:  HAn3lE3  ONLY  BY  T«<S  CALLING 
-PROGRAM, 

KSPECIAL  THE  number  OF  SpSJIAL  OIRSCTIVESi  THIS  IS 

,,  , TH:6/:VARIA|LS,,  DIMENSION  ^;3F;;*SRECUL  A* 


REAL  ARGUMENTS 


INPUT 

STORAGE  BUFFf.F  OP  THE  VA»nnLS  FIELDS, 

' couiMNS  i6'76;cR  la  horjs.:  : ( oharaStero 

COHHANO 

CONTAINS  THE  OlFSCriViV  COLUMNS  .8HiT  OR-  ' 
6 CHAFACTERS,  « :CMAR4CrER 

suBFieLOitr 

NON-ZERO  I>  4 NUH9SH  PRESEUT  :n  tkE  V4RIA3LF 
FIELD.  : ( integer  or  e£4L  1 

suafiELO(s) 

NON-ZF.ro  IF  4 •-*  OR  4 pRESENT-tn  tHE 

: VARIAOLE  FISLO.,'  T INTEGER  OR' .RFAl  1 ;■ 

SUBfIELO (3> 

USEC.IF  SUHFIEICIZI  HAS  'niEN  FIlIfC  ' and  ' ^ 
ANOTHER  SPEStil  GHAHACtEF  FOjNO  IN  THE 
VARIMLE  FltLO*.  ,1  INtESER  OR -AEii.  , 

SEASmCSI 
R£A3anSR 
pFAcorsi 
REAOflOSL 
REA38055 
REASCtSB 
REACGCG? 
REAooasr 
READ  a 156 
REAS  C 3 SO:. 
REACOOSa 
Rfc'AeSnfti 
REID  0 06? 
REAOaSBS 
REAS  OB 64 
READ  006$ 
P£A3!106S 
RlAOC'Gr 
9E4?fl06e 
»S40I!"59 
HEW  a CTO 
PEAD0071 

SEAS  oar? 

BEAC  aoTT 
RS40Q074 
RE4D0075 
REAC00  76 
RSA&ODir 
REAooeirs 
READ 00 79 
RFADf ?00 
READOOSi 
REA3OO02 
REAL  0 033 
PEASOOOV 
REASefSS 
RE45  0036 
REACaOST 
REAjOUs 
READ it 69 
REACOOga 
REAS  n o 91 
RE  40  0012 
READlCOS 
REAC0094 
RSACOniS 
RSA00095 
REA see  97 
»EAC  OB90 
REAOOOI'J 
RE 40 0100 
RE  43  0101 
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read  CCHnON  AH<iUHlfeNTS 


C 

c 

c 

c 

c 

c 

c 

c 

X 

ft 

c 

t 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

X 

c 

c 

c 


noRr^Attv  set  to 

IS  FOUND  0U=>ING 


-1^  3UT  SET  TO  0 IF  A OLANK 


A SC 


i?,  QF  VtRIAlLE  FIEUPS 


OR  THE  VAPIAatE  FUL3S  EXHAUSTE:. 

I INTcGEP  \ 


c 

c 

ENOREO 

normally  Td  m;,  but  set  td 

c 

FIELD  DOES  NOT  END  * COHHA. 

c 

ft 

EOF 

NORN»UY  :S6T  TO  -1«  3UT  SST  TO 

1# 

c 

COCI  5 is:  EXHAUSTSDf  ;(  IMT53f.! 

c 

r 

REAL 

NORHiUT  SET  TO  -1,  PUT  SET  TO 

u 

C 

c 

ARH4V  ELEHEfilT  CONTAINS  A REAL  i 
» INTEGER  t 

( INTEGER  > 

Q IF  FILE 
I ) 

2 IF  A GU9FIEL0 


READ  CIO? 
OtAtOlIl 
REASO  I*)** 
REAOOtOS 
read Ri 06 
READGlir 
READ  0106 
READ n 109 
RE  AO  cun  : 
REAoaiu  ^ 

REA0Q112 

REA0nil3 

nEXCiiii^ 

READCU5 

RSA00116 

REA  0 our 
REAoatta 
REAOOU9 
REAOfliaO 
RE  AO 0121 
R£aOC122 
REAOtilZJ 
R£a00  12R 
read  0125 
READtl26 

RSAOOlzr 

REAOOira 

RcA0d|12Q 

REA0013C 

REA00130 

ktAijUl.lO 

READOUq 
read  0130 
RE AO  0130 
PEADtl30 
REA00130 
READ  01 30 
REA00130 
ocicOlU 
fiEADCl3j 
pea:  0130 
REAG0130 
REA0130 
REAdO  110 
READ013C 
pea: 0130 
RE6G0 130 
SEA00130 
READ  0131 
R£ACul3C 
READ  01 30 
REAcnno 


Ot 
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I 

i: 


c 

c 

c 

c 

c 


022 


SUBROUTX^^E  REAXM  INPUT*  Ca^?!*A>iOf  G'J6rIE^Df  SPECIAL* 
XSPECrAL  } 

IMPLICIT  INTcGcR(  a - 2 ) 

PARAMETER  PWICTP  12*  SU3StZE  = T*  2ELX«IT  = •-% 

BLANK  s • COMMA  = “.•*  ETC  ? “ETC** 

REPEAT  5 •*%  PE-IQO  * •«  " 

COMMON  /READC/  ENOLlNEt  £n:*P.EC*  EOF*  o£AL 
character  input  *60,  COM -lAMO  • TEMP  1 / ^ ^ /*  TEMP2  ^ 12* 
SPECIAL ( X SPECIAL  >* 

FORMAT  • 11  / M T * Al  V /,  IFORMAT  ♦&  / V<  I >*  / 
IMTEGER  SUaFIELDi  SU9SIZE  » 


SUBROUTINE  LINKAGE  SET-UP 

EOF  » -1 
ENDREC  * 3 

ASSIGN  85  TO  9TPASS3 
RETURN 


OIP£CTIW£*S  EM3-OF-FILE 
PROCESSSO 

' EOF  « 0 
i ENOREC  = 0 
COMMAND  » 9LANK 


ENTRY  TO  ECnO  PRINT  DIRECTIVE 


ENTRY  READECHO 
IF(  EOF  ) * 5* 

REA0(  5*  510*  END  *10  ) CQMMAf*D*  INPUT 
WRITE!  6*  515  > COMMAr40,  lUPUT 


INPUT  IS  A COMMENT* 
NOT  A COMM  AN? 

IF!  COMMANO  . ED*  BLANK  ) GO  TO  20 
60  TO  25 


ENTRY  TO  SUPPRESS  OIRECTIVE 
ECHO 

ENTRY  READNEHO 
IF!  EOF  T * 5* 

READ!  5*  510,  END  ^10  ) CCMMANj,  XNFUT 
IF!  CCMMANO.tQ.  BLANK  ) GO  TO  22 


RE AD  01 30 

RcAOom  1 

PEAS M 12  ' 

READ  01-11 
PEACCll!* 

READOIIS 

REAO0135  ; 

REACOlin 

PEA3tt:Il9  ! 

OEACC13R  r 

READOlt^O 

READ  0 141 

FEA3C142 

READ0141 

REA00144 

READ  0 145  ; 

RSAD0146  ^ 

REAC0147 

READ0255 

READ  0141 

REflOQ1^9  i 

REA0015C 

REAC0151  I 

RE  1“ 01 52  1 

READ  0151  I 

REAC:i5^  1 

REAroi55 

READ  0155 

PE400  157 

REAGClGii  ^ 

RSA00159  i 

REAP  0150  i 

READ  0161 
READ  0152 
REAOniE? 

P£420l6t 
READ  0 165 
READC166 
P£A:0157 
READ  016  6 
PEAD0169 
RE  AD  0170 
R£AUC171 
READ  Cl 7 2 
READ0171 
READ  0174 
PE40Cir5 
PE4C0176 
REAC0177 
REAOOtTi 
read: 179 


PAG 


025  00  15  FcTUSN  = 1,  XSP«ECX'aL 

015  IPC  CCKMAMC  . , £PE|cIAL  C -^ETOxN  M =»£TJ»N 

0012a  ZEPQ  sf  if  SU5SXZE  i 
02A  SUEFrELCM  ZERO  J = oi 

IF(  CCMMANO  .NE.  etc  » OO  TO  30 
If i ENCFFC  ) 55. » 

M«ITE(  6.  520  > *NOT' 

MRXTE(  6,  530  ) 
co  l TO  20 

030  If I END5EC  ) , 55^ 

MRITCI  6 « 52C  I EtANK 
HRlTc  C 6.  540  I 
BACKSPACE  5 
ENOREC  =0 
iCOHMANQ  » BLANK 
RETURN 
ENTRY  SORT 
REAL  » •! 

DO  40  ZERO  * 1.  SUSSIZS  ^ 

OAO  SUBfIELOC  ZERO  ) a q 

■C 

c 

c;- 

INPUT  RECORD  EXHAUSTED 

■C  '■  ■ ■ ■ 


If  I ENOREC  ) f 50 1 
C 

c 

CXf 

IfC  ENCLINS  ) 60*  , 

C - : 

c 


\ 

C.:  - 

050  RETURN 

c ■■■  .■  ' 

c • , - . 1 : - ■. 

C 

c 

G V 

055  ASSIGN  105  TO  BYPASS! 

real  a -1 

START  s 1 
ENOREC  - -1 
ENDLINE  * -1 
060  INDEX  a 1 

STOP  * FHIOTH 
TALLY  3 0 
TEMP?  » blank 
C 


variable  fields  NOT  EXHAUSTEC 


VARIABLE  FIELOS  ANO/OR  RECORD 
EXHAUSTED 


SET-UP  FOP  SvAu  of  VARIABLE 
FIELD 


RcA00250 


REA00180 
REA3C232 
READ 0233 
PEA00234 
READ  0 23  5 
READ  0236 
PEA00237 
REACC2TB 
REA00235 
REAOnfLO 
RE ADC  241 
REACC242 
REA0  0241 

OEAD024W 
OE6a02-r3 
READ02if5 
READ  0247 
PEA0024S 
READC249 
REAO0?50 
REAC0251 
READ  0252 


PEAD025Z 
REA00259 
PEA0G26? 
PEAD0261 
REA0  0 262 
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F4G!: 


c 

R3A00T5T 

coo 

SO^T  3IF£CTIV'*S  VA?.rA3L£ 

PEAC225L 

c 

FIELu 

tE Ac  0^65 

c 

sec: 0265 

00  100  StAoCH  s Sf^RT*  67 

PEA0026/ 

ENC03K  FOs^.HATt  ?5C  ) 

0EADC26^ 

DECOJEr  IWPUT*  FCFHAT  1 

• TEMPI 

P£AC0?39 

C ■ 

PEA00270 

c 

0£ADC271 

CIF 

CHA*>,ACTc-i  IS  A FIELC  SCAN 

PEA30272 

.c 

TEMMINATOF 

6iAC627T 

c 

-E4C0274 

IFI  TEMPI  .£0.  BtflNK  ) 

GO  TO  110 

KEA3C275 

■ ' C : 

REACC2r6 

;■  . , , , , , , c 

PEAS0P77 

CXf 

CHAPACTE^  "ELXMITS  A SEAL 

^E4D0279 

c 

NUMBER  FIELJf  MOT  THE  USUAL 

PE  AC  0279 

c 

INTEGER  MUMSER  FIELO 

REA0d250’ 

c 

n£A00231 

iFt  TEMPI  .EQ«  PERIOD 

PEAL  » q 

P£ACd262 

c 

R£AG3283 

c 

REA002BL 

CXF 

scan  has  REACHEO  AK  £N0  OF  A 

R£ AC  0235 

C ' 

FIELD 

P£A002d6 

c 

R£ACe237 

Iff  TEMPI  •£Q#  COMMA  ) 

GO  TO  3VPASS1 

RE4C0288 

Q ■, 

P£AC029i 

c 

PSA00292 

CXF 

VARIASLE  FIFlO  CONTAINS  MORE 

RSA30293 

1 ■ 

c 

THAN  ONE  ENTnY 

REAC029L 

1 ■■  ■ (5  : 

OEADOPAS 

[ " : 

XFI  TEMPI  .EQ^ 

* C M Ty  ?u 

PEAO0296 

i ■ . , 

i t 

PEAC0  297 

REACn299 

CXF  ■ 

VARtASLE  FIcLa  CONTAINS  A 

READ 0299 

! ' c • ^ 

FEPEAT  SPECIFtSATION 

PEAD0303 

PEA00301 

!■ . - ^ - ^ 

Xfi  TEMPI  .EQ^  9EPEAT 

> GO  TO  90 

PEADC3D2 

i ■ ■ . Q v" 

REA3010T 

! ■ c 

RE4C030L 

CtF  ' 

CIRECTIVE'S  VA”tIABLE  PlE.D 

FEAD0305 

t-..-  t 

LOADED 

REASom 

! ■"  - C 

READ C 307 

j ; 080  \ 

IFt  STOP  » ♦ 100, 

»tASC303 

! c 

READ  0909 

. c 

aEADnsio 

c 

; 

SAVE  CHARACTER 

pea: 0311 

RE AC  0312 

i ; 

STOP  * STOP  - 1 

re:C0313 

TALLY  a tally  >1 

REAwOllL 

EMCOOE i FORMAT,  550  1 

TAUV 

REA:0315 

i ■ • 

ENC03£(  T£MP2f  F09MAT 

,TEMPi;V 

RE  AC  0 91 6 

i'-- 

I 


! 


^ i 
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CO  TO  6yP>lSS3 
ASSIGN  120  TC  ayPASSl 
ASSIGN  100  TC  9VPi5S3 
CO  TO  100 


VAPliBiS  PIEO  CONTAINS 

IM  PEAL  > « 94 f 


CONWExT  CNAea3T£o  ST-<ING  TO 
iNTiGESv 

CNCOOE  ( IFOP.NAT*  550  i TALLY 

DECODE  C TEMP2  f tfOPMAT  I SUEPlELCt  IN'>«'X  I 

CO  TO  96  ‘ ^ 


CONVERT  :HArlCTEp  STRING  TC 
PEAL 

OeCOOEf  TEMP?,  570  ) SU9FIEL0  ( I‘OEx  ) 

REAL  a 2 


- SET-UP  FOR  next  SUeFIELO 

SEARCH 

INDEX  » INDEX  ♦ 1 
TALLY  » 0 
STOP  * FWIDTH 
CONTINUE 


PrRECriVE'S  VARIAeLii  FIELDS 
; eXHAvSTEC  : 

ENOLINE  » 0 
START  * START  > 1 
RETURN 


* ignore  nulled  VAPIA5LE  FIELD 

ENCODE  < FORMAT#  550  ) SEARCH  - 1 
OECOOe  ( INPUT#  fOrPAT  ) TEMPI 
ENOLINE  a 0 
ENOREC  * 0 

in  tEMPl  •EQ.  COMMA  r CNOREC  a -l 
GO  to  9YPASS1 


READ  q It  7 
R£AL0*nd 
RSA0C319 
READ  0320 
RSArO'»2l 
READ  0322  ' 

REAL  0323 
REA003?4 
READ  232? 

REAC0326 

R£AOfn27 

READ  0 3 28  i 

READ  0 329  I 

READ0330  ' 

REA00331 

REAL  2 332 

READ  0 333 

RE|AC0  334  - 

READ0335  i 

READ C 336  I 

REAC0337  I 

READ  0338  i 

read  0339  i 

READ0  3-#a  j 

READ  0341  I 

RSAC0342  * 

RE9C0343 

REACC344  ? 

RE4CC345  i 

READ  0347  ! 

READ0349  ! 

REA:o349 

REA30  35Q 

REA0Q351 

READ  0 3^2 

REA DC  353 

READ  0354 

REA00355 

RcAa0355 

R5AC:362 

READ  C 757 

READ  0356 

RSAC0359  ^ 

PSADC360 

READ C 361 


REA00256 


24S 


C 

C 

c 

c 

c 


120 


c 

c 

ctf 

c 

c 


START  » SEARCH  ♦ 1 
assign  105  TO  BYPASSl 
ASSIGN  05  TO  BVPASS3 


XFf  HEAL  ) * 130* 


0IR£wTlY^*3  VA-IA3LE  fItLOS 
NOT  EX H iU S T— ^ 


VARIABLE  FIELD  CONTAINSO  A 
REAL  NUnaSR 


c 

c 

c 

c 

c 


CONVERT  CHARACTER  STRING  TO 
INTcGE® 


ENCOOEI  IFCRHATf  550  ) 
OECOOEt  TEHP2*  X FORM AT  ) 
RETURN 


TALLY 

$UaFIEL0( 


incex  ) 


130 

510 

515 

520 

530 

5A0 

550 

560 

5TO 


CONVERT  CHARACTER  STRING  TO 
REAL. 


OECOOEI  TEMP?*  570  ) SOBFXELD  I iN0=.X 

return 

fOPMAK  T3*  A6t  Tie*  A|0  ) 

FORMAT!  • •*  TIO*  «6*  T2C* 

fopma't<  • • *»<  >•  * ^ 

• EXPECTIMG  ETC  OIREGTIVE;  • > ^ 

Forma T ( • f * * T A 1 * •IGfi  CREl • * 3 ! 7 ^ ^ i<»  • 

fSrmatI  -LT  ml  AS  end  rjF  PREVIOUS  r, 

•directive* •*  3!  / )> 

FORMAT  C Tif*  I?  > 

FORMAT  C 10  I 
FORMAT!  G12.6  > 

END 


PiAI0364 

PEAC*J3=5 

RE AC 0365 
PEACTT57 
RE a: 535a 
REAC  5255 
HEAG0370 

REACC271 

READ  0 372 

PEACC271 

READ017L 

REACC  375 

pe  a:  0 375 

PEAC0377 

PEAC 0371 

READOTT? 

REASC21C 

PEAS  5151 

READ0352 

REA0Q2i3« 

READ  031 4i 

RE AC  0335 

REA00315 

READ0257 

ftEA0C213 

pea: 0219 

CEACCIRI 

PEADOm 

FJATC3Q> 

Rc  AG  d 211 

READ  9 394 

PEAD3395 

REAOC39P 

READ9397 

REiOCm 

SEACC399 

READOLaO 

FEACC421 

PEAOCV5E 


cihage 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

X 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

X 

c 


MOGRAH  image  ^ . 4 

DATE  4/1/75 

AUTHOR  D CROOKS 

PURFOSc  (1)  TO  produce  IHaG€<S)  Of  USeR^SPECir lEO  COMPORENTS 

or  THE  data  vectors  of  created  disk  fiues  using 

THE  PITCHP  SUBR0UTlN6--rgR THIS  pROQRaH#  DAT* 
RECORDS  are  HEAD  FROM  FILECODE  03,  hEaDER 
RECORDS  FROM  FlLSCODE  02, 

C2)  TO  PRINT  adjacent  TO  EACH  IMAGE  ROW  Twe  NUHeRICAU 
VALUE  OF  THE  SPECIFIED  COMPONENT  FOR  EACH  COMMAND 
ANULE  or  THE  SCAN  ROW, 

(3)  TO  PRODUCE  HISTOGRAHtS)  FOR  USSR-SPiCIFIED 
COMPONENTS  WHEN  REQUESTED-- IF  REOUESlco,  A 

histogram  is  produced  for  each  data  segment  or  A 

CREATED  DISK  FtlE. 

PATA  CARDS  ONE  OR  MORE  cOMPONENT-IMAGE  REQUESTS— 

EACH  FcQUEST  CONSISTS  CF  1 - > CAGCCr  C,  A 

distinct  type.  THE  five  POSSIBUE  CARO  TYPES  ARE— 


COL. 8 C0L.16  ! 

Cl)  MAX  CHAXIMUM  value  oH  COMP. --F^ 

C2)  HIN  (MINIMUM  VALUE  OF  COMP.— F8. 3)^ 

C3)  HISTOG  (HISTOGRAM  OPTION  DESIRED— *4> 

HISTOGRAM  OPTIONS  — 

No'  <N0  HISTOGRAM  PRODUCED) 

SAME  CHISTUGRAM  IS  PRODUCED  USING  MaX-MIN 
VALUES  already  SPECIFIED) 

TRUE  CHIST.  US  PRODUCED  USING  ^CTUAl  MAX-MIN 
VALUES  OF  data  SEGMENT) 

iV)  TITLE  (COMPONENT  DESCRIPTION— A54) 

|5)  COMP  (2-OlClJ  CnHP,  number— 12) 

INPUT  VALUES  FOR  EACH  CARD  ARE  LEFT-JUSTiF lEO  IP 

COLUMNS  a.  16. 

CARD  TYPE  <5)  MUST  APPEAR  AS  THE  LAST  CA«D  IN  EACH 
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nnnn  r»oon  no««o  o «n  ort  nn  oonon  non  n oo  ooo  oo n on r» 


P«GC 


2 


REQUEST. 

tr  TEHER  THAN  5 CAROS  APPEAR  IN  THE  C0MP0NENT”M)AQE 
REQUEST,  Those  VAHi*3tes  for  which  cards  do  not 
appear  are  ASSUHEO  to  have  the  SAHE  values  AS 
SPEClFieO  IN  the  PRECeOlNG  REOUEST. 


c 

c 

c 

c 

c 

c 

c 


DECK  SET-UP 

S I DENT  9999, USER 

preceding  activities 

S select  JYOUNG/IHAOE 

s execute 

I I.1MITS  10,15K 

s ;data  05 

{DATA  CARDS) . 

t disk  02.X2R 

t DISK  03.X3R 

% PRHfJ.  tB,H,S,PATTERN/CEE/tIB 

OTHER  ACTIVITIES 
t OPTIONAL) 

i cNDJCD 

DECLARATIONS 

DIRENSION  HDATE(3).N1(A),N2(12> 

DIMEHSICN  DATAV(IOO) 

IS  A SINGLE  DATA  VECTOR  READ  FROM  FILECOOE  03  FROM  UH|CU  THE 
appropriate  COMPONENT  VALUE  HILL  BE  SELECTED 


DIHENS.ICN  XU2> 

IS  AH  ARRAY  SENT  TO  THE  PITCHR  SUBROUTINE  CONTAINING  VALUES 
OF  A SINGLE  component  FOR  A PARTICULAR  SCAN  ROM 


D I HENS I ON  XX (12) 


IS  AN  ARRAY  LIKE  X,  EXCEPT  PRINTED  INSTEAD  OF  BEING  SENT 
TO  PITCHR--MAY  ALSO  be  SENT  TO  HISTOGRAM  SUBROUTINES, 


CHARACTER  ICMN0»*,CPNAHE«5A 

REFER  TO  INFORMATION  TYPE  OF  AN  INPUT  VALUE  IOIVEn  IN  COL,  •> 
AND  TO  THE  COMPONENT  NAME  SPECIFIED  BY  USSR 
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PM 


CHARACTER  HlST0G»4 
character  MTITLE»60.NT1TLE»60 

NTITL6  IS  the  title  Of  A PARTICULAR  DATA  SEGMENT 
HTITLE  IS  THE  TITLE  OP  A CREATED  DISK  HOBKIHG  PILE. 

tOOICAL  LEPTRT 

IS  TRUE  when  component  VALUES  BEING  COLLECTED  IN  X ARRaV  AND 
XX  ARRAY  ARE  FROM  A LEFT-TO-RIGHT  SATELLITE  SCAN 

DATA  DEFLT/0377777777777/ 

IS  THE  default  VaLUE  INDICATED  FOR  COMPONENTS  ON  DISC 

CALL  FX0PT<85,1,1,1> 

CALL  FXALT(S20) 

read  USER-SPECIFIED  COMPONENT  INFORMATION- 
CARDS  READ  Until  comp,  number 
specification  is  found. 

XHAX.XMIN  ARE  MAXIMUM  AND  MINIMUM 
VALUES  OF  A:  PARTICULAR  COMPONENT 
ICOMP  IS  COMP,^  NO,  OF  INTEREST  TO  USER 

506  REA0<5.50O>END»509)tCMND  , 

500  FORMAT<7X,A6> 

BACKSPACE  5 

IFAiCMND  .EQ.  'TITLE  • ) GO  TO  503 

IFUCMND  .so.  'COMP  ’>  GO  TO  504 

IFIICMND  .EQ.  'MAX  •»  GO  TO  502 

IFIICMND  .EQ.  'MIN  ')  GO  TO  501 

IFilCHND.EO.'HlSTOG')  GO  TO  520 
HRI7£(6,510) 

510  FORMAT! 'O'. 'ILLEGAL  COMMAND  IN  COL.  8 OF  USER  INPUT,'//) 

GO  TO  5Q9 

501  READ<5.505)XM1N 
505  F0RmaT(15X.F8.3) 

GO  TO  506 

502  READ<5.505)  XMAX 
GO  TO  536 

503  READI5.507)CPNAHE 

507  F0RHAT<15X.A54) 

GO  TO  506 

520  R6AD«5;522)HIST0G 
522  F0RMATU5X.A4) 

60  TO  506 

504  REAOIS.SOS) ICOMP 

508  F0RMAT<15X.l2) 


C . 

C ECHO-PRINT  USSR'S  COMPONENT  SPECIFICATION 
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c 


»>age  * 


^•IZ.SX. A54.5X.. MINIMUM  •.r8.a.5X..e*XIMu 

VRITE<6r523)HlST0G 

523  FOHMAT<.o..6X.«HtST0CRAH  .;a4. IX. -MaX-MIN  VALUES., 


read  Master  header  from  disk 
process  remainder  of  disk  working-file, 
mdseg  is  no,  of  data  segments  in  current 
WORKING  FILE 

MHPR  IS  NO,  WORDS  per  RECORD  FOR  THAT  FILE 


10  RE*DI02,END«20)MTtTLE.MDATe.HUSEG.MWPR 
- J!?|TE<6»39>HTiTle,M3SeG,MWPR 

IMROSmiA^RE^^^^^  data  SEGHENTS-.U/lXi. 

PO  30  tsilMDSEG 


PROCESS  SINCLH  DATA  SEGMENT  |N  NORK|NG-FME 
read  Header  record 

NRECRD  is  no,  of*  DATA  RcCQROS  FOR  THAI 

header  record 

READ<02)Nl,NRECR0,N2#NTlTtE 


CAU  PI TCMR  subroutine 

Mnortw-iiBcrpo/’*  p 
MSNAPs2»NDr6h' 

CALL  PITCHR<X.1.12.NSNAP.O»XHINfXMAX,1.0,. 129. 1000000.3,. 2,, I 

CALL  HISTOGRAM  INITIALIZING  ROUTINE  IR 
HIST,  IS  TO  aE  calculated  using  same 
HAX-MIN  values  sent  to  PIIcHR, 

IFtHISTOG.eO, •SAME')  CALL  DFIN(12.NBECRD,XHIN.XMAX) 


process  remainder  of  data  ssohent 
XXMIN."  XXKAX  GIVE  current  THue  MlN,  AND 

I TRUE  HAX,  FOR  THE  DATA  SEGMENT 

READ! 03 ) I D ATA V n ) , I »1 , HMPR I 
XXM|N=DATAV( ICOMPJ 

. (XHIN  ♦ XHAXI/2 

XXHAXsOATAVl ICOHP) 
backspace  3 
INOEXsO 


LEFTRT*. FALSE. 
00  50  W3i;ndroh 
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CAG6  S 


C 

c 

c 


c 

c 

c 

c 


e 

c 

c 


c 

c 

c 

c 

c 

c 


c 

c 

c 


c 


c 


|N06XstNDEX»X 
irtLEFTpnoO  TO  60 

collection  of  row  values  for  Rr.L6FT  5C*N 


DO  70  K=1712 

READ«Q3)  (DATavU  )( isl.MWPR) 

XX«K)=DATAV( ICOHP) 

JPIXX^K)  .LT.XXHlN.AND.XXtK)  ,N1;.DEFLT)  XXMJN  • XX<K> 
|FIXX<K),0T,XXMAX)  XXHAXaXX(K) 

X<K>sDATAVUCOMP) 

70  IFCXIK)  ,EQ,  DEFLT)X<K)»XMIN 

default  Values  for  a component  are  set  to  xmjn  before  sc*r  bow 
Data  is  sent  to  pitchr, 

LEFTRTs.TRUE.  ' ^ ^ ^ 

GO  TO  90  . ■ 


collection  OF  ROW  VALUES  FOR  LEFt-RT  SCAN 


60  DO  BO  KslTlS 

READIOJXDATavU  ),  ISI.MWPR) 

I XXU3-K>=DATAVt  ICOMP> 

IFlXXU3-K).LT.XXMn.AND'XXa3-K,).NB.DEFLT)  XXNIN  » XX(13.KI 
iF»XVa3-K>.0T.XXMAX>  XXHAX  X XXU3-K) 

X(i3-K)sDATAV(IC0HP> 

SO  1F(X»13-K)  .EQ.  0EFLTlX(13-K>sXHn 
LEFTRTa. FALSE, 


CALL  SNAP  FOR  ROW  IMAGE 

WRITE  COMP0NEN|r  VALUES  NEXT  TO  IMAGE  ROW) 
CALL  DENSITY  FlJNCTION  calculating  ROUTINE 
IF  'SAME'  OPTION  WAS  indicated. 

90  CALL  SNAP 

WRITE(6<100)  index. (XX(M), Mai, IZ) 

100  F0RHAT(1H*»39X» IZ,2X>12F7#2) 

IFIHISTOG.EO.*SAHE')  CALL  DF(XX) 

90  CALL  SNAP 


^ PRINT  HEADER  TITLE 

WR1T£I6,40)NTITLE  

AO  ■FORMAT<1H*,39X.A60) 

WRITE(6,102)XXMIN,XXHaX 

X02  FORMAT<///iX. 'TRUE  MINIHUH  VALUE  IS  ' ,F10 , S/tX, • TRUE  MAXIMUM  VALUE 
1 IS  »:,FiQ.Sy /:/)■■  , 

IFtHISTOG.EQ. •SAME')  CALL  OFOUTICPNAMEI  

tFtHlSTCO.NE.'TRUE'>00  TO  30 


C 

c 

c 

c 

C 


for  COHP,  IS  NOW  CAteULATED  USINQ  true 
MAX-MIN  VAtUES 

CALL  DFINil2,NRECRD,XXMIN,XXMAX) 

DO  103  KaX,NRecRo 

103 backspace  3 ' 

■'  DO  530  Jal.NDROU 
. DO  53i  Kai.ia 

READ<03)(DaTaVU)»Is1,MHPRI  ' 

531  XXtK)?DATAV{iC0MPl 
530  CALL  DF(XX) 

CALLOFCUT(cPNAMe)  ■ 

process  NEXT  DaTA-SEGhEnT  OF  WORK INOaFlLE 

30  CONTINUE 


rage 


CALL  FCt0SE<02> 
CALL  FCLOSe<03» 
60  TO  10 


close  current  W0RK1NG.FIleSL“' 


prepare  to  handle  NEXT  COmPONENT-REOUEST 


20  rewind  z 

OBW?Nn.-.T. 
60  to’ 506 

509  STOP 
END 
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COF  BF  D E N S I T : Y FUNCTION  C A i C U U * TON 

c anouments 

C I X X ARRAY 

subroutine  onx) 

DIMENSION  x<12) 

COMMON  /DFS/  r<50)  _ 

CoMHoN  /'DFB/NPpCALiMTOTAL.XMlNiSNAX, NCALU.no, danse 
COMHON/DrB/AMEAN.VAR,TTOTAU 
NCALU=NCAUL»1 
I T H R U • N P P C -A  L 

IFiNCAt.L«NPPCAL,t5EiNT0TAL)  ITHRUiNT0TAl-{NCALL-1I*NPFCAL 

DO  1 Is1,"ITHRU 

INDEX»<XU)-XMin)»DAN0E»1. 

|FtlNDEX.CT,o.AND.INDEX.UE.NO>  80  TO  5 
ITOTAL  s ITOTAL  - 1 
00  TO  I 

5 amean  » AMEAN  * XU)  . 

VAR  a VAR  ♦ X(l)»XU) 

FUNDEX)  a FUNDEX)  *1, 
i CONTINUE 

4 |FiNCALL*NPPCAU  .UT.  NTOTAU)  RETURN 
DTOTAl  a I./FLOATUTOTAU 
DO  3 lal.NQ 

3 Fn*aFU)»DTOTAL 

AME*N»AMEAN*DT0TAL 
VARavAR*DTOTAU-AMEAN*AMEAN 
J RBTIIPN 

CDFIN  DF?N  D E N S I t Y F U N C T I 0 N C A L C U U A t 0 « 
TNITIUIZER  routine 


AR8UHINTS 

NPPCAL 

ntotal 

XMIN 

XMAX 

HOM  TO  USE 


NUMBER  OF  POINTS  PER  CALi 
TOTAL  NUMBER  OF  POINTS 
X MINIMUM 
X HfXlHUH 


rALU  nF^QN^SUBSEQUENT^CALlS  UNtIL  AUL  POINTS  ARE  COUNTED 


TO  OUTPUT  HISTOGRAM  CALI  DFOUT 


SUBROUTINE  OF  IN (NPPCAL, NTOTAU, XXSIN.XXMAX) 


COMRON  /DPS/  F*^50> 

COMMON  /DFB/  MPPCAU.HTOTAU, XMIN, XMAX, NC ALL, NGiOANGE 


COMMON/DFB/AMEAN^VaR* itotau 
Nciso 
NCAULaO 


MPPCAL-NPPCAu 

HTOTAUaNTOTAU 


ITOTAU  a NTOTAU 

amean*o 


VARaO 


XOtNayxMtN 


PA«1^ 

SCATOOOl 

SCAT0002  : 

SCATOOQ3 

SCATO004 

SC(kToaao 

SCATOSi)/ 

SCATOOOy  i 

SCATODIO  ! 

SCATOOU  ! 

SCAT0012 

SCAT0319  I 


I 

SCAT 00 20 
SCATOOZl 
SCAT0022 
SCAT0023 

SCAT 002 4 

SCATOdOl 
SCAT0002 
SCATC003 
SCAT0004 
SCAT0009 
SCATOOQA 
SCAT0007 
SCATOOOS 
SCATOOOf 
SCATOOiO 
SCATOOU 
SCATOOIZ 
SCAT0013 
SC  AT  0:0 14 
SCATOOl! 

SCATBOiT 
SCA tools 
SCATOOlf 

scAToa2C 

SCATOOZt 

SCATOOJZ 

SCAT0023 
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I 


XNA)(  = xyMAX 

H*NGE=XH*X-XMlN 

d*nge» (FLO* T(NG>-i,E-ioj /Range 

DO  1 IslINQ 
1 FVI>=0 
RETURN 
END-'' 

CSCTF  D F 0 U T 

DATE  information  7/22/72  RMH 

this  SUBROUTINE  OUTPUTS  A HlSTOGRiM 

SUBROUTINE  DFOUT(NAME) 

C0MMON/DFB/PrOB(50).MPPCaI..NtOTAI..START»END.NCALL, inters 
COMMON  /DFB/  DANGE.AHEaN.VaR 
DIMENSION  NamE(9) ,F<6) .LINE<*0) 
data IBLANK,LI.ISTAR,IDASH.I0NE/1H 
tHlST  = 40 
INTERi=TNTcRs*1 
XINTRiEND-START 
X0IV-XINTR/FL0*T( INTERS) 

FIND  MAXIMUM  PROBABIUITY 

DO  3 Isl, inters 

3 IFtpR0B<l).GT,A)  A^PROBU) 

set  B TO  probability  INTERVai,  SIZE 

0 » A / f UUATILHIST) 

HRITE  OUT  HEADER  FOR  histogram 

DO  U 1=1, AO 
11  UNE(n  = IDASH 
HRIT£(6,106) 

HRITEl6,i07>  (LINE(I)<I=1,59) 

HflirE<6,lQ0)  name, XDIV. START, end, INTERS 
MRITE(6,1S5)  AMEaN,VaR 
LINE«INTERS»1)=I0NE 
DO  6 1=1, inters  - , 

4 LINEIDsIBLANK 

flu  STARS  In  LIME  ARRAY  ACCORDING  TO  PRO 

DO  4 i=i;lhist 
^ DO  5 J*l, inters 

5 IF«PROB(J),Ge,A>  LINE(J)*iSTaH 
HRITE\A,101)  A.<LINS<L).L=1,INTEHU 

4 ■A»A.B  ■ ' 

C ' ■'  HRiTE:  0UT'''TRAILER' 


SCAT0024 

SCAT0029 

SCAT0024 

SCAT0027 

SCAT002B 

SCAT002* 

SCAT0030 

SCATOOO: 

SCAT0002 

S.CATdOOS 

S:CAT0004 
SCATOOOS 
S;CAT0008 
SCAT0007 
SC A TOO  08 
SCATOOIO 
SpATOOll 

SICATOOIS 
s;catooi4 
SCAT0019 
S,CAT0016 
SOAT0017 
SC AT 00 18 
SCATOOlf 
S,CATOO20 
^CAT0021 
SCAT0022 
SCAT0023 
SCAT0024 
S.CAT0029 
SCAT0026 
SCAT0027 

scATOoaa 

SCAT002* 

SCAT0030 

SCATOOSl 

SCAT0032 

S,CAT0033 

SCAT0Q34 

SCAT0039 

SCAT0036 

SCAT0Q37 

scATonsa 

^CAT0039 

SCAT0040 

Scat  0041 

SCAT0042 
SCATO043 
SCAT0044 
SCAT0049 
SC AT 0048 


GRlGlNAIi 
OF  POOR  QUALITS 
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DO  7 l»l, INTERS 

^ WRtfe<6,io2)  <UINE(I».;»t=l,lNTeRl> 

DO  8 1=1, INTERS 

8 tINE(I>  = I8UNK 

DO  9 1»5»INTERS,10 

9 UNEn>=U 

NRTTEU,104l  (UNEU»UI=1,INTER1> 

N«0  ' i 

DO  10  I =5‘.  INTERS,  10  : ; 

10  f<N)*STARTtXDtV*rLOAT(n 
URITE<6*103>  (f(i)tI=liN> 

MRITE<6.99) 

00  12  I 3 1,60 
12  lINeH)  = lD^SH 

WRlTEC6*ia7ritlNErUrin,59) 

106  rORMATtlHl) 

iU  or  0ISW.9UT10N. 

314H0:ATA  starts  AT,F10 ,4,2X,11HAND  ends  AT,F10,4, 

4 ix,lHl/9X.lHl.llX.25HN0HBER  OF  CLASS  ‘NTFRVALS. 

5 14,19X.1H1/9X,1H1,59X,1H1/9X,1H1«12H  PROBABILITY, 

105*FORMAT(9X,1H1,11X|,5HMEAN»,F10,3,4X«10H  VARIANCE*, 

1 F10.3.9X,lHlJ  , 

101  F0RHAT<7X,2Hl  ,F6,4,2H  UtOlAD 

102  FQRMAT{9X.lHl,8X.,lHl,101Al> 

104  FOBMAT<7X.iH1.9X,101A1) 

103  rORMAT(9X,lHl,8X.5F10.4,lX.lHl>  uaRIAALE. 

99  FORhAT(9X.1H1,59X,1H1/9X,1Hi»25X,15HRANDOM  VARIABLE, 

1 19X,lHl/2<9X,lHl,59X,lHl/n 
RETURN 
END 


SCAt0047 

SCAT004S 

SCAt004» 

SCATOOSO 

SCATOOSl 

SCAT00S2 

SCAT00!>3 

SCAT00S4 

SCATOOOO 

SCATOOSO 

SCATO0»7 

SCAT00S9 

SCATOOS* 

SCAT0060 

SCAT9061 

SCAT0063 

SCAT006« 

SCAT0069 

SCAT0066 

SOAT006T 

SCATOOOO 

SCATOO70 

sCatooti 

SCAT0072 

SCAT00:79 


SCAT0074 

SCAT0077 

SOAT0076 

SCATOoeo 

scATOoai 

SCAT0062 

$CATOOb3 
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P*G£ 


C 


S C A T T E R G R A M 

LANGUAGE  — H0^£yWELL•S  SERIES  6Q0n  FQRT^xn 
SrStEM  RELEASE  8* 


HRITTEN  BY  JAMES  KAHN  l'i-JULV-75. 


PURPOSE 


THIS  PROGRAM  PRODUCES  SC4TTES>.0RAMS  FROM  DATA  ON  FILE 
COOES  2 ANC  3»  WHICH  WERE  GENErATED  SURIJiG  THE  PREVIOUS 
TRANS^GENERATOR  ACTIVITY.  SCATTSRGRAHS  ARE  PR0CUCE2  EV 
SUBROUTINE  • SCAT  * ANO  CONTROL  INFORKA  TION  13  1 fIT  ck^RETEO  3Y 
SUBROUTINE  *REAjV  FROM  FILE  COTE  5.  A CONTROL  CIRECTIVE 
LISTING  PLUS  ERROR  MESSAGES  IS  PRINTED  OUT  FILE  CDuE  6. 
THE  SCATTERGRAMS  ARE  PRINTED  OUT  TO  FILE  CODE 

SCATTERGRAH  data  POINTS  ARE  GOLLECTE:  FROM  ALL  FILES 
«TTUTN  Ftl  p 'coof  3 OR  U^fTrL  THF  DATA  POINT  VECTOR  ARRAYS 
I XVECTOR  AND  YVECTOR  ) ARE  FULL.  NO  TE  ALSO  THA  f dt  i 
FILE  SEARChES  WHEN ; THE  DATA  POINTS  AkE  BEING  LISTED  ON  FitE 
CODE  A3,  THAT  THE  CEFAULT  VAlUFS  ARc  '^EmOvEO  FPCM  THi  ARRAYS 
THUS  RSSULTIhG  IN  LESS  WASTAGE  OF  STORAGE  SFACE.  AN  ECr  OS 
THE  DIRECTIVE  INPUT  FILE  WILL  RESULT  IN  5CATTEHGRAH  SKIPPING 
TO  THE  NEXT  DATA  FILE  FOR  SUBSEQUENT  PROCESSING. 


CONTENTS  OF  THE  S CATTERGPAM  PROGRAM 


i MAIN  LINE  I 

READ  < OIRECTIVE  IMT£RPRET£P  ) 

SCAT  I FRODUCES  THE  SCATTERGRAM  V 


HSCAToat 
HSOATC-Oa 
H3CAT0D3 
H5CAT«0T 
HSCAT003 
Hscit: j4 
HSCATOaS 
MSCATD06 
K3CAT007 
HSCATOlft 
H3CAT309 
MSCATOlO 
fjscATqii 
Hscitcia 
hscat:i3 
IfSCATTlA 
HSCAT015 
H 5 CATO 16 
HSCAT017 
HSCATC18 
HSCAT019 
MSCAT020 
H5CATC21 
M3CATC22 
MSDATCai 
HSCAT02L 
K3CAt:25 
H3CAT026 
MSCAT027 
NCCA.T  " CO 
H3CATC39 
MSCAiTOSil 
HSCATdSt 
M3CATC3R 
MSCATrST 
HSCAT23J 
HSCAT034 
rSCATDSS 
MSCA  Xu  36 
H3CAT037 
MSCAT039 
rSCATm^ 
M3CAT:,3 
M3CAT041 
HSCAT^wa 
MSCiTa43 
MSCA  Tf»44 
HSCAT045 
rt3CATQ46 
M3CAT0^7 
M3C4TC48 
H3CATG49 
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PAGE 


2 


C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

0 

c 

c 

c 

c 

c 

c 

c 


OIft€CTlVES 


CENTER 


RANGE 


RESCAT 


SCAT 


TlTtE 


XAXIS 


YAXIS 


TWO  RE 
WHICH 
THE  CEf 

THE  RESPicTIVE  AXIS  OF  THE  SC A rTEkGR AM . 

TWO  REAL  variables  WHiCh  COMMA  SEPERATEO  , 

determining  the  range  Of  TH=;  XAXIS  ano  THE^ 
TAXIS  OF  The  SGATTERG'^^  A;h*  RiSPpCT 
VARiABLE  MUST  END  WITH  A PERIOD  UNLESS  IT  IS  ^ 
TO  BE  nulled.  this  will  RESULT  IN*  THE  CURRENT 
RANGE  FOR  that  AXIS  BEInG  P.ETAlNci.* 

NO  VARIABLE  FIEl6.  THIS  ' 

A SGAtTERGRAM:  BEING  PERFORMED  UoING  THc  DATA 
COLtEGTio  FROM  THE  LAST  "SCAT*  OlPESTIVt. 


THREE  VaRIABLES  IN  THE 
16  - 1?  ) which  OETcPM 
OF  THE  POINTS  OF  THE  > 
ARRAYS'  WHICH  ARE  INPUT 

SUBROUTINE.  THE  FORMA 
COMFONEMT  jNUMBEF.  WilCh 
FROM  THE  command  ANGLE 
CPTIONAL.  IF  USED  IT 
LOCATION  OF  THE  USE 
THESE  THREE  VARIABL 


"R  S 

is** 


variable  field « COLUMNS 
ine  the  coo^cinates  of 
V-CTOR  AND  THE  VVECTOR 
TO  TrE  SCATTERGRAM 
T OF  EACH  VARTABLSv  IS  THE 
IS  SCPFf^lTcD  BY  A 

THt  third  field  is 

CONTAINS  THE  CCMPONENT 
UFFLIEO  GRAPH  SYMBOLS. 

must  be  comma  SEPERATEO. 


THE  60  CHARACTER  VARIAGLE  FIELO  rCOLUHNS 
16  76  ) IS  USED  A3  the  TITLE  OF  THc 

scattergrams  until  changed  3Y  ^ *J5J|*!* 

DIKECTIVE.  THE  default  TITlE  IS Jh%  TITLE 
FROM  THE  MASTER  HEAjERi  ON  FtLr  vOul  3 ). 

ThC  12-ChARACTEF  FIELD  IS  USE^  TO  LABEL  THE 
TH^  XAXIS  of  THE  3GATTERGRAM  A?iC  THE  XVtCTOR 
LliiTNG.  THIS  FIELD  EXTENDS  FROM  COLUMNS 

16  - 26* 

THF  12-CHARAGTE,R  FI:,LD  IS  USSO  TO  LABEL  THt. 
TMF  YAXIS  OF  THE  SCATTERGRAM  ANC  THE  YVSCTOR 
LISTIhG.  T US  FIELD  EXTENOS  FROM  COLUMNS 

16-28. 


M3CAt053 
MS CAT  054 
HSCATOSB 
MSCATC5S 
HSCATHS? 

mscatosb 

MSCAT059 

MSCATC63 

MSCAT061 

MSCAT062 

MSCAT063 

HSCATC64 

MSCATOBS 

M3CATD66 

MSCAltOST 

MSCATC6S 

MSCATG59 

MSCATOra 

M3CAT071 

M3CATe72 

MSGAT073 

MSCATaT4 

MSCATPrS 

MSCATCrS 

MS CA TP 77 

M3CAT078 

MSCAT079 

HSCATC33 

MSCAT030  I 

MbcarORO  i 

MSCAT060  I 

MSCAT291 

«SCAr^J32 

HSCATn33 

MSCAT034 

M3CAT035 

MSCAT«Ib  ^ 

MSCAT037  5 

MSCATOda 

MSCATPBS  : 

MSCATOBO  : 

MSCATOOl 

MSCAT09? 

MSCAT193 

MSCATQ9U 

MSCATQ95 

MSCATQ96 

MSCATC97 

MSCAtnsa 

MSCAT13S 

MSCAT1Q9 

MSCAT113 


259 


o.  o C9  0 o o o oo  o o iji  oo  o o<j  o o u u o o o O o o o w o o o o o o o o o o o ij  o o woo 


Ptoz 


s 


sa«Pt£  program 


title 

XAXIS 

taxis 

range 

SCAT 

PANGE 

SCAT 


This  A SIMOLC  SCATTERGRAM  PROGAA'I 
XAXIS  TIUH 
tAXiS  TITLE 

a0,0  USE  DEFAULT  FOP  T»-c  X4XIS  RANGE 

17-lttE-:!  this  IS  A COTMEM 

1.55  ' USE  default  tAXIS  Vi>JG^  VALUE 

10 


EXPLAINATION  OF  THE  SAMPLE  PROGRAM 


BOTK  SCATTERGRAMS  ARE  TITLED  'THIS  IS  A SAMPLE 
SCATTEOGFAH  PRCGRAP*.  t^E  XAXIS  is  LAIEirn  •X-XIS  TITLE*  and 
THE  VAXiS  IS  LAaSLcO’YAXlS  TITLE’  A5  WELL  A3  ThE  RESPECTIVE 
XVECTO.R  AND  YVECTO-  ARRAY  LISTINGS*  TmE  -iNGE  IS  SET  TO  10*0 
FOR  THE  YAX.I5  anO  IH£  XAXIS  .RANGE  IS  LEFT  jE^AULT*  THE 
SCATTEPGRAM  XAXIS  POIflTS  CONSIST  OF  ALL  P-IHTS  FPCM  CCMPQNENT 
NUH8ER  17  WHICH  APE  “ART  Or  COMMANu  ANGLE  1*  THE  YAXI3  POINTS 
OF  THE  SCATTERGRAH  COr:5IST  OF  AIL  POINTS  R-0‘1  COMPONENT 
15  OF  the  data  record  WHICH  IS  PART  CO'ihANO  A»}GLE  3*  THE 

CEFAUL T PI  0 Y j IS  UCI3  TG^  i rc->u-'.At1* 

THE  SECOND  SCATIEPGPAM  ALTERS  TrE  RA^'GE  OF  THE  XAXIS  TO 
1.55,  BUT  USES  T^c  CJPREM  RANGE  OF  T-E  YiXIS,  IQ.Q, 

XAXIS  PCINTS  CONSIST  OF  POINTS  FAgm  CGHPCnENT  NUMeER  lA  WHICH 
ARE  PART  OF  CCMMANC  ANGLE  5.  THE  YAi  IS  =^TrNT3  CCmE  FROM 
component  NUM2H-  11  WHICH  1$  PART  OF  COmmI'O  ANGLE  3. 

SYMBOLS  FROM  COmHANC  ANGLE  5 AND  COHFCNE‘;T  NUMBER  10  AR?.  Uo5.D 
INSTEAD  OF  THE  DEFAULT  PLOT  SYMBOLS. 


H sea  Till 
HSCATiie 
pscmiT 
MSCATtl4 
MSCATU3 
MSCATllB 
MSSAT117 
HSCATlia 
MS GAT  119 
MSCAT173 
H3CAT121 
MSCiT122 
MS:AT173 
H3CATXa4 
MSCATl^S 
M3SAT126 
M3CAT12  7 
H3CAT1T3 
M3CAT139 
M3CAT133 
M3CAT131 
HSCAT132 
M3CAT133 
M5CAT13- 
M3CAT135 
Mscariso 
H3CaT137 
M5SAT133 
MSSAT139 

M3CAT140 
M3CAT141 
MSSAT14? 
MS CAT 1^3 
M5CiTm4 
MSCAT145 
M3CAT145 
MSCATl*tP 
MSCATIJ^E 
MSCATIA7 
M3CAT14* 
MSCATl^.B 
M$CAT153 
M5CAT151 
M3CAT 152 
MSCaTtST 
M3CAT134 
hSCATiSS 
MSSATIS^ 
M5CAT157 
MSCA  T ISi 
HSCAT159 
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®AGE 


M 


C 

C 


C 

C 

C 

C 


C 

c 

c 

c 


c 

c 

c 

c 

oto 

c 

c 

c 

c 

0 20 
C 

c 

GIF 

C 

C 


PARAWcTFR  CMOS  ~ 7f  TSEGS  = 5flt  V/MAX  slOSZ*  XDATA  = 50 

IHPLICXT  INTSGF^(  A - 2 | * 

COMMON  /REAOCy EN3LlN£,  EMGRECt  EOF»  oviL 
real  PANJEFt  ?,  I / 2 ♦ 10,0  /,  RC£NTER(  .1  ^FIELQ 
^.NTeGFP  3LAfJK  / • • /»  C£flT£R(  ? ) / ? ♦ 03777777777 77  /, 
COMANGLcC  2 )t  OATA<  XDATA  ) , OEFAUUT  / 0377777777777  /, 
MASTFPi  15  )•  ^ANGE(  2 ),  oeC0p,J3<  ? K ^ 

SUaFlFLO(  3 ),  SYMGCLS(  ViiX  ) t X>^tF(  UMAX  ) , ' 

: xyecTORi  VMAx  r\ecTOR(  vmax  i>,  mfues  > i / 

dHARACTER  COMMANOf  INPUT  • 60,  TXTLt  ♦ 60  / • ’ / 

CLOTITLE  * 60»  XAXIS  ♦ 12  / • • /,  YAXIS  ♦l2  •/** 

COMMANDS  ( CMCS  ) / •RE3CAT  * , •TITLE  * ,'  ^X  AXIS*#  •YAXlS  ’t 

I •CENTER*,  •kANGE*,  •SCAT*  /,  CSYMaOLf  VMAX  > • RLA3EL» 

I TOP  • t2  / •MASTER  - I*  /|  DATASEG*  DSEGS  ) 

equivalence < xcoM,  comangle ( I >1,  ( YcoMf  Comangle < 2 11  • 

i XPEC,  RECORDS!  1 M,  i YRECt  RECORCS!  ? )), 

4 OLOTITLE,  masTERC  I M*  ( RECSIZE,  MASTER!  15  I), 

I SESXALf  DATA!  l ( RANGE,  RANI“F  ), 

r SYMBOLS#  CSYMSOL  ! RCENTER,  CENTER  ), 

( RFIELOf  SUaFIELOl  2 )) 


PRINT  activity  BANNER 

WRITE!  6,  500  ) 

CALL  READ!  INPUT^  CCMMAND,  SUBFIELD,  COMMANDS,  V > 


10 AO  MASTER  HEADER 

READ!  2f  END  a <.R0  > MASTER 
RECERROP  * PECSIZE  ♦ I 
ASSIGN  150  TO  OPEN 
ASSIGN  250  TO  CLOSE 
GO  TO  25 


ERROR  PROCESSING  RETURN 
WRITE!  6f  510  ) SUBFIELO!  1 I,  SU3FIEUD!  2 1 


CALL  REAOECHO 


NORMAL  PROCESSING  RETURN 


IF  A OXFECTIVE  EOF  OCCURS, 
SKIP  TO  THE  NEXT  MASTER  FILE 
ANO  PROCESS  IT, 


M3CAT ISO 

MSCAT161 

M3C4T16T 

MSCATli? 

MSCAT15- 

MSCAT165 

MSCAT166 

MSCAT167 

M5CAT1SE  * 

MSCAT169 

MSCAT17J 

M3CAT171 

MSCATt72 

MSCAT17J 

MSCATl/^ 

MSCAT175 

MSCAT17S 

MSCAT177 

MSCAT17a 

M3dATl79 

MSCATlSa 

MSCATin 

MSCAT132 

MSdAT133 

MSC4T134 

MSCATlftS 

M5CAT1«6 

MSCAT137 

MSCAT133 

MSCAfl^^ 

MSCAT190 

HSCAT1{91  ; 

M30Arii92  ! 

MSCAT13T  * 

HSCATiK 

MSCAT195 

MSCATilB 

M3CAT197 

MSCAT193 

MSCAT195 

MSCAT2Q0 

MscAteii 

H3CAT2^.2 

MSCATPOS  j 

M3CAT214  ^ 

MSCArzOS 

MSCAT2:5  ' 

MSCATZor 

MSCAT213 

MSCAT209 

MSCAT2U 

M3CAT211 


261 


PACE 


If  f EOF  I 50#  , 50 
CAUL  FCLOSEi  2 > 


025 

030 

0^0 

C 

C 

COq 

C 


• LOAD  1ASTE5  iiAOE^  AHO  CHECK 
TO  5E5  IF  :^TA  FILES  tXHAUSTEO. 

ft£4*DC  2f  tNO  s 49C  ) MASTER 
REC£R‘«OR  = RECSIZE  -►  1 
CALL  FCLOSEI  3 > 

REHINO  5 
HftlTEl  e*  520  } 

ASSIGN!  150  TO  OPEN 
ASSIGN^  250  TP  CLOSE 
EOF  » FOF  ♦ 1 
MFILES  * MFTLES  + X 
ENCOOEC  TOPf  530  > MFILES 
00  30  LOAO  - 1*  a SECS 

READ!  2»  FNO  * 20  ) SUQFTcLJl  1 >#  503FIELD  ( 2 > 
ENGOOEC  DATASEGI  LOAD  I.  540  ) SJ5F:EL0(  II. 

SU0FIELDI  2 ) 

CONTINUE 
WRITE ( 6,  550  I 
READ  I 2.  EN0=20  I 
GO  TO  40 


CHECK  FOR  Vitro  DIRECTIVE  ANO 
EXIT  TO  THE  iPPOOPr.IATE 
KKUOESSi-lG  ROUTINE. 


050 

060 


C...  •. 

c 

c 

c 

c 

c. 

001 

c 

c 

CIF 

C 

c 

c 


DO  60  HATCH  = 1.  CMOS 

IF  C COMMANu  .EO.  COMMAND  S I ‘UTCr  ) ) GO  TO 
I 1.  2.  3.  4.  5*  6.  7 > . MATCH 
HRITEI  6.  560  I 
GO  TO  2d 

: - . 

RESCAT  D;pe:TIVE  PROCcSSEO 

i • • • » • . • • • • • . ...  ••••.«•.  . ♦ • • . • . . • . • . . . . • . • ' • . • • . . 

IFMnoFX  - 4 I 270.  f 


IF  the  USE=>  title  is  NOT 
PRESENT*  USE  THE  MASTER  FILE 
HEADER  title. 


IF!  UTITLE  I 62.  . 62 

WRITE  I 42,  570  I GLOTITLE.  TOP 


MSCAT?12 
MSCAT213 
M5CAT214 
M3CAT2L5 
MSCATP16 
M0CAT217 
M5CAT2t5  ■ ■ - 

msc:t2io 

MSCAT220 

M3CAT221 

MSCAT222 

M3CAT223 

M3CAT224 

H5CAT225 

M3CAT226 

MSCAT227 

H5CAT223 

HSCAT229 

MSCATEin 

M3CAT23t 

MSCAT232 

M3CAT233 

MSCAT234 

MSCAT235 

MSCAT236 

M3CAT237 

HiSCAT2  5* 

MSCiT233 

M3CAT24d 

MSCAT24i 

MSCAT242 

MSCAT243  I 

HSCAT244  ! 

MSCAT245  | 

H3:AT^46  I 

MSPiT247 

H3CAT24i 

HSCAT?49 

M3CAT251 

MSCAT251 

MSCAT252  : 

M5CAT253  J ! 

MSCAT254 

M3CAT255 

MSCAT250 

MSCAT257 

MSCAT255 

MaCiT259 

M3CAT26: 

MSCAT261 

M3CfiT?o2 

NSC4T2S3 


ORIGINAL'  PAGE  IS 
OF  POOR  qUAIJTXI 


262 


(io  to  &<♦ 

0 62  WRITE  C ^2»  571;  ) TITIE,  TOP 
Q6V  CAU  FESCAT 

WRITEC  >?•  5a0  ) XAXIS,  VAXIS 
GO  TO  20 


c 

c 

c 

c 

Title  oirective  processeo 

002 

TITLE 

= INPUT 

1 • • • • 

UTITLE  = UTITUe  ♦ 1 

CO  TO 

20 

c 

• • • • 

c 

ft 

c 

c 

XAXIS  OIRECTIVE  PFOCESSEO 



€••••• 

• 

0 03 

XAXIS 

S INPUT 

• • • # 

CO  TO 

20 

c 

• t # » 

c 

ft 

c 

c 

TAXIS  ci»Ecnv;  ppocssseo 

« 

0 04 

TAXIS 

S INPUT 

« a • • 

GO  TO 

20 

c 

# # » 

c 

#. 

c 

c 

CENTER  OIPECTIVE  PFCOESSEO 

ft. 

ft. 

• . 

0 09 

00  60 

LOAD  > 1#  2 

ft.  • ft  • 

C 

c 

CIF 

C 

C 

C 

c 

CIF 

c 

c 


CENTER  C tOAC  > OEFAJuT 


IF  I REAL  > 8 0 # * 80 


X»y-CENTSR$  must  BE  REAL 
NUHStRS. 


DETERMINE  IF  4X1$  CtUTER  IS 
POSITIVE  OR  NZGXTIVE. 


IFC  Sli9Fl£L0l  2 )>  70.  # 70 

CENTER  t LOAD  > « 2U2FXHLD  ( i ) 
GO  TO  EO 


PAG 


M3CAT?5<-. 

N3CtT?65 

MSCAT?o5 

MSCAT7B7 

M30AT?5e 

«3CAT2S9 

NSCAT270 

NSCAT371 

NSCAT272 

HSCAT273 

MSpAT27A 

N3pAT?75 

NSOAT276 

NSCAT2^7 

NSGAT279 

MSCAT279 

HSCAT290 

MSCAT231 

«SCtT2d2 

MSCAT211 

NSCAT2S4 

M3CAT295 

NSC4T2a6  i 

M5CAT297  ! 

HSCAT233 

MSCAT299 

MSCAT2S0 

HSCAT291 

MSGAT292 

H3CAT293 

MsrAT?av 

HSCAT295 

NSCAT295 

NSCAT297 

N5^AT293 

M3C4T299 

FSCATSOa 

MSCAT3J1 

MSCAT302 

MSCATSOJ 

KSCArsiau  ; 

M50;T3'C5 

NGCAT3I33  i 

M5CAT30  7 , 

MSCAT303  : 

HSCAT3j9 

MSGATllG 

hscattu 

M3CAT312 

MSCATS13 

MSCATnA 

MSCAT315 


263 


970 

C5C 

CO 

RCENTERf  LCAO  > 

CALL  Sort 

TO  ?o 

» - PFXFLC 

C 

c 

c 

RAHGt  CIRcCTIVE  PfiOCESSEO 

C 1 
c - i.' . 

006 

00 

90  LOAD  = ir  2 

c 

c 

CXF 

x.y-34r3ts  MOST  ae  real 

C 

NUM9ERS. 

c 

IFI  Rsau  1 60* 

• 90 

RANCei  LOAD  1 = 

SU3FIEL0I  11 

090 

CALC  SOFT 

€•••••< 

60 

1 • 0 • 1 

TO  20 

C 

' • • • «. 
• 

C 

• 

c 

SCAT  oi=>sCt:v£  PFocessca 

• 

c 

C....OO 

c 

0 • • 

c 

coo 

GET  COHHnfij  angle  to  SE  PROCE 

SSEQ 

c 

AND  COMPONENT  LOCATIONS  FFON 

c 

UScR. 

007 

00 

110  load  » 1.  z 

c 

c 

c 

c 

ctr 

c 

c 


c 

c 

CIF 

C 

c 

c 


PEAL  NUM3E-S  ifiO  HULL  FI£L0S 
ARE  40?  LESAL. 


100 


IFi  REAL  ) . 10  f 10 

IFt  SUaFlELOf  1 M , to. 


THE  COMPONEMT  4UM5dr  «USt  HOT 
BE  GREATrP  Thin  Th£ 

DATA  R£:3P?  SIZE  TO  3£  LEOVLv 

IF<  SU9riELD(  1 » .LT«  RECERROP  > GO  TO  too 

MFITEJ  6f  590  I SUSFIELPi  I »,  EUBPIcLOi  2 >,  RcOSIZE 

GO  TO  20 

RECOROSt  LOAC  I = SU3FltlO(  1 ? 

C0MAMGLE<  load  ) = SU3FIELD(  Z ) 


HS:aT316 

HSC6T317 

H3CAT31(J 

HSCAT319 

HSOATJeO 

r£CAT.T21 

«3CATT22 

NSCAT32J 

HSCAfjTL 

HSCAT325 

HSCAT326 

H3CAT327 

HSCAT323 

MSCAT329 

NSCAT330 

HSCAT331 

HSCAT332 

HS0AT3T3 

F$CAT33*, 

KSCAT335 

HSCAT336 

HSCAT337 

MSCATi33 

HSCAT319 

HSCiT3L3 

rt3CtT3Ll 

H3CAT7L2 

H3CAT3L3 

HSCAT394 

HSCAT345 

H3CAT3L6 

MSCAT347 

MSCAt^LT 

HSCAT3L9 

HSCAT350 

H3CATI51 

r3CfiT352 

HSCAT35J 

rtSCAT354 

HSCCT355 

MSCi T356 

HSeiTSS^ 

M3CAT35^ 

M3CAT360 

M3CaT36l 

H3C-T3i>2 

H3CAT363 

M3CAT364 

H3CAr3«5 

HSCAT3^o 

*-3EAT3<»7 

r.3SAT36^ 
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no  o oo  n n on  n o 


PAGE 


119 


C 

C 

CXF 

C 

C 

c 

c 

cir 

c 

c 

c 


120 

130 


14»0 

150 


160 

170 


1 


C^Lt  S0?T 
COHTINUE 

ASSIGN  200  TO  BYPASS 
SR EC  » SUdFlELOl  I | 


Ifi  SREC  .LT.  PECERROP  ) 


CHECK  POR  A VALXO  USE?  SYMBOL 
LOCATION.  IF  legal.  USE  IT. 

ASSIGN  lfl5  TO  3Y'»ASS 


IF  THE  USE?  TITLE  IS  NOT 
PRESENT,  USE  TME  HASTER  FILE 
header  TITLE. 


rTTLE,  TOP 

XAXIS,  VAXIS,  XAXIS,  YAXIS 


IF«  UTiTte  ) 120,  , 1?0 

MRITEC  42,  570  I CLOTlTLE,  TOP 
CO  TO  130 
WRITE  I A2,  570  ) 

WRITE!  42,  600  > 

index  3 0 

X INDEX  so 
YINDEX  « 0 
0 INDEX  = d 
START  ::  0 
XFULL  = - VMAX 
YFULL  -i  VNAX 
R€F  r - VHAX 
ASSIGN  lad  ro  nlio^n 
CO  TO  OPEN 
READ!  3.  EN0S23P  T 
WRITE  < 4 I ( GA  TA  t 
CO  TO  170 
READ  I 4,  6NC-230  ) 

COM  = SERIAL  / 10  ••  e 
ITC  = C SERIAL  / 10  ••  7 ) - < COM 
scan  a I SERIAL  / 10  A ) - ( XTC 
( CC.M  ♦ 10  *♦  4 ) 


t DATAr  r I,  la  1,  RECSI2E  ) 
I 1.1  =1.  PcCsrzE  ) 

! DATA!  I ),  Is  1,  P.ECSIZE  ) 


10  » 
‘ 10 


3 I ^ 


IF 


180 


XT  THIS  IS  THE  BEGINNING  OF  A 
NEW  C At  A 5 EGMEN  T . GO  PR  IN  T THE 
PREVIOUS  CN“, 


IFr  SCAN  ,LT.  PEF  I GO  TO  400 
REF  a SCAN 


IF  THIS  IS  THE  S PECZF lEO 
command  angle  of  the  XVECTCo, 
SAVE  THE  SPECIFIEO  COPPONENTe 


MSCAT369 

MSCATI70 

HSCAT371 

MSCA  T»72 
MSCAT37I 
MSCAT374 
MSCATSTp 
MSCtT376 
MSCAT3  73 
MSCAri/? 
HSCAT593 
MSCAT381 
MSCAT332 
MSCAT333 
MS CAT 3 84 
NSCAT335 
MSCAT336 

mscatjst 

MSCAT388 

MSCAT349 

MSCAT390 

MSCAT391 

HSCAT392 

HSCAT393 

MSCAT394 

MSC4T395 

MSCAT397 

MSCAT391 

HSCAT399 

Msc:r-:: 

HSCATVOt 

MSCAT402 

MSCAT*»U 

MSCAT40R 

MSCATi,:3 

MSGAT-:/ 

MSCAT403 

M3CATuj9 

HSCAtuio: 

MSCATAlt^ 

M3CAIi4ie; 

H5CA1/4t3 

MSCATwlAi 

MSCAT415 

KSCArwiE 

MSGAT^l? 

HSCAT^li 

HSCAT419 

MSCATwao 

M3CAT42t 

M5CAT422 
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«or»c»or* 


;f«  C0H  •NS*  xco^  r Gc  TO  eio 


:5*  PROTECT  -CainST  XA/LCTOR 

C STORmCE  overflow. 

^ in  xfull  I * 210* 

XFULL  * XFULt  ♦ 1 
X Index  » xinoex  ♦ t 

XVtCTORI  XINOEX  J sOATA<  XR^C  ) 

XREFI  XINOEX  I a SCAN 


CO  TO  BYPASS 

e«5  SYM30t  * 0ATA(  SP.EC  > 


LOAD  TH 
WTH  Tni 
DEFAULT 


.Sy«30LTA5LE  EITHER 

USER  symscls  or  the 

SYH3CL* 


IF  THE  USER  SYJi3  OL  IS  LESS  THAN 
OCTAL  20*  USE  THE  DEFAULT 
j SYM30L* 

in  STFfOL  ) 190*  20C* 

IFI  SYMoOL  *LT*  3LANK  ) GO  TO  200 
SYH80LSI  XINOEX  ) = SYH50L 
GO  TO  210 

CSVM60LI  XlNOcX  > s 


IF  this  is  Twr  specified 
COMliANO  INOlE  of  THE  VVECTCR* 
SAVE  th=  iSSEIIFIED  corFCNEHT. 

IFC  COH  .NE.  YCOH  I GC  TO  220 


PROTECT  against  Y VECTOR 
STORAGE  DVE^-LOW. 


IFI  YFULL  ) « 220 

XFULL  = yfull  ♦ 1 

ViNOEX  = yiNOEX  ♦ 
rV£CTOR(  YINDEX  > 


1 

= OATAi  YREC  ) 


IF  THE  CAT A ARRAYS  CVERFLOV* 
BEGIfl  T^E  SCATrERG=^AM* 


I PAGE 

MS  CATV  23 
HSCATI*24 
MSCAT8*?5 
MSCATA26 
MSCATV^r 
MSCATL23 
MSCATi.29 
M3C4Ti.3u 
HSC&TV31 
MSCATA32 

MSCATV53 

H3CATA3V 

FSCATL35 

H3CATL36  j 

M3CATA1T  ■ 1 

H3CATU39 

MSCAT439 

H(3CAT4V3 

M5CAT44t 

MSCATAV? 

MSCATAA3  ■ 
HSCAt<*V4 
MSC4T4A5 
M^CAT-V6 

mscataa/ 

M5CAT^4« 

MSCATAA9 

MSCAT450 

MSC4T451  : 

MSGAT452 

HSCAT4E3 

HSC.CT454 

PSCAT455 

MSCATt.53 

MSCAT457 

HSlCATASe 

M^CAT459 

M'SiCATuao 

MS‘CAT461 

MS;CAT462 

MSCAT463 

H$CATL3^ 

MSCAT465 
M3i:AT4*56 
MSCAt467 
MSCAT*-6  3 
H3CAT469 
MSCAT470 
MSCATi.ti 
MSCAT47’ 

MSGAT47T 

HSCAT474 


oraGiNAj;  page  is 

op  POOB  QuALECS? 
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PAGE 


220 

IF(  XFULL  ♦ yFULL  ) 140.  . 

140 

MSCAT475 

WRITE ( e.  610 

) 

M5CAT475 

230 

ASSIGN  240  TO 

RETURN 

MSCAT477 

GO  TO  400 

M5C1T47* 

240 

GO  TO  CLOSE 

MSD;T479 

2$0 

Assign  160  to 

OPEN 

M3CiT490 

assign  260  TO 

CLOSE 

MSC4T461 

TOP  = • • 

MSeAT482 

cNOFlLE  4 

M$CAT43T 

280 

rewind  4 

H$CAT434 

M3CAT435 

1 

MSCAT466 

IF 

CHECK  FOR  ENOUGH  POINTS  TO  GRAPH. 

MSCAT487 

H5CAT496 

1F(  INDEX  - 4 

1 , 260.  260 

MSCAT439 

270 


C 

C 

CIF 

C 

c ; 
c 

280 


290 


400 


c 

c 

coo 

c 

c 

c 

c 

CIF 

c 

c 

c 

c 


W«IT£( 
ENOREC  * 
GO  TO  70 


670  > 

0 


IF  THE  USER  TITLE  IS  NOT 
PRESlNTt  USE  ThS  MASTER  FILS 
HEACER  TITLE. 

IF(  UTITLE  ) 290.  . 290 

MRXTe<  42.  570  ) OLOTXTLE.  TOP 
GO  TO  3C0 

WRITE < 42,  570  > TITLE,  TOP 

CiLt.  SCAT?  XV£CT9?v  YVHCT9H*  PANGPf  1 !• 

R^NGi«  Z ),  CENfcRt  1 >»  CENTE^c  2 n 
WRITER  42,  560  ) XAXIS,  VAXIS 
GO  TO  <0 

STOP  -MINI  XINOEX.  YIN3EX  ) 

DINOEX  = DINOEX  > 1 

WRITEf  42.  930  > OATAEEGI  OINOEX  I 

START  a START  ♦ 1 

PRINT  = START  • STOP 

RIPRINT  s PRINT  / (-21  ^ STAFT 


COMPRESS  D ATA  ARRAYS  AND  LIST 
THE  DATA  AGCUMUL AtED  THUS  FAR. 


loo  460  COMPACT  = START.  STOP 


CECICS  WHETHER  TO  PFINT  30 IH 
SI OSS.  THE  left  side  CNLY# 

OR  FINISH  COMPRESSICN  OF  THE 
DATA  APPAY3. 


IF(  PRINT  T 


MSCAT490 

MSCAT49t 

M$CATi.92 

MSCAT‘-93 

HfeCAT494 

MSCAT4'55 

MSCAT496 

MSCAT497 

M5CAT49a 

MSCAT499 

MoCATSOO 

MSCAT501 

nscateo? 

MSCAT503 
MSCAT504 
MSCAT515 
HSCAT50S 
MSCATsaT 
MSCATSOe 
M|SCAT509 
HjSCATSlu 
MpCAVSlt 
MSCAT512 
M^C;T513 
Ni3CAT514 
HSCAT515 
MSCATSIE 
MSCATSl^ 
MSCATEti 
MjSCATOlR 
M3CAT52n 
MSCAT521 
M3CAT«;22 
H3CAT521 
MS CAT 5 24 
MSCAT525 
MSCAT526 
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C 1 

c 

Clf 

c 

c 

c 


c 

c 

CIF 

c 

c 

c 

c 


410 


420 

C 

C 

CIF 

C 

C 

c 


430 


i . 

CIF 

C 

C 

440 


RLAB£L  - • • 

PRINT  = PRINT  *2 
Rf RlNt  s RFRINT  ♦ 1 


LA9£L  VALUES  SUPFRS.3SE0  FRCH^THE 
data  arrays  on  Tv-E  right  SIO-  Or 


TM£  LISTING. 


1F<  XVECTORI  forint  ' 

YVeCTORl  RPFINT  I .c.Q.  DEFAULT  ) 


.OR. 

RLA5EL 


label  values  t.at 

SUPPRESSED  F».0'^JNE  04TA,  Ar«^ 

WHICH  ARE  ON  T^=.  Lc.FT  Sl3>.  0 
I THE  LISTING. 

IFlixV«'CTOO(  COMPACT  ) .EC.  DEFAULT  •^"'1 

yRlte'°El  r^r^^'x-REpfcOMPiCt^,  y v^D  tpP  < , 

V^eOTOPf  CO.“P4CT  >»  S7M0O-3(  CCMP-CT  •» 

*feEF(  RPFiNT  »,  RLA1EV.  XVECTO=i(  rP’IHT  It 

5ylctOR(  “iPWlT  ».  SYMBOLSt,  RP0INT  ) 

yRne<‘‘RL  65 o i xpef*  cohp&ct  »,  yvESTost  cohpaot  >, 

YVECTORi  RPRINT  »♦  SYMBOLSi  RPSIM 

00  TO  460 

PRINT  a PRINT  ♦ 1 


LAaEL  VALUES  T-4AT  ARE 
SUPPRESSED  F^Oi  THE  OATyj-^ARRAVi 
WHICH  ARE  ON  TwS  U£FT  SIDE. 

IFir  XVECTOR(  COMPACT  )_-EQ.  OtFA^  430 

u^Tfcffa’  X = £FfcOMP43T  vr  COKPAOT  >, 

UeCTOrV  CCHPACT  »,  SYMSOLSt  CCHP4DT  ) 

6711  V XREFV  COMPACT  it  XVECtOPt  co^-paCt  ), 

cdhpIct^^^  ^ 

GO  TO  460 

finish  cleaning  up  THE  uATA 
..  arrays...  .;  . 

IFt  XVECTOPt  compact  * GO^TO  460 

YVECTORt  COMPACT  > *tO.  uLF*,ULT 


N3CAT527 

WSGATBEi 

N3CAT529 

N3CATE30 

NSCATBn 

M$CAT532 

HSCAT533 

HSCATE33 

HSCAt534 

MSCATB35 

HSCAT536 

HSCAT537 

Hi3CATS33 

m'3CAT539 

NSCAT54Q 

H3CAT541 

HSCAT541 

tjsCAT542 

WSCAt543 

NSCAT544 

H3CAT545 

MS3ATB46 

MSCAT547 

H$CAT543 

WSCATE49 

MSCATES'i 

N3CAT551 

HSCfT552 

H3CAT5E3 

TCCu 

430^1*55^ 
H3CA T556 
MSCAT557 
MSCAT550 
*13CAT559 
M3CATE60 

HSriAT9$t 

NSvATEo2 

HSd;T563 

HSCAT564 

MSCAT565 

H3GAT566 

MS:AT5o7 

HSGATE63 

H3CAT969 

NSCAT570 

MSCAT570 

H5CAT570 

MSCATBTO 

MSCAT570 

MSCATE7C 

MSCATB71 


PACt 


INDEX  * INCEX  ♦ 1 

XVECTOR<  iNOtJt  ) » XVEC70R<  COMPACT  > 
fVECTOR(  TN3EX  I sYvCCTOri  COMPACT  I 
SVMBOtSC  INDEX  > = SYH30LS<  COMPACT  > 

■ CONTINUE 
START  = INDEX 
XINOEX  = STAPT 
VtNDEX  = XINOEX 

XFUtL  » VINOEX  - WMAX  i 

VFULt  = XFUUL  ; 

GO  to  RETURN 

STOP  • end  CF  SCATTEnGRAM  ACTlVlTy* 

FORMAT < SOX,  •SCATTERGPAM  ACTTVITT  PEPORT',  5</  H 
FORMAT  < • *f  5«  •••  >•  TF  SUBFIEtO  - ",  lH*f  I4» 

lit  lH*t  • lUEGALt  IGNOPEO,  •,  3 t / U 
FOFMATI  / n 
fORMATl  •MASTER  -**  U > 

format!  Sr***  N QATA  SEGMENT  TARLE  OVERFtCW  > 

FORMATS  • *•  Si  •♦•  >f  • F UNRECOGNIZABLE  CIRECTlV£t*t 
• rGNORE0,*t  3(  / n 
F0PMAT(  •ft  32Xt  A60t  26Xt  A12  r 

FORMAT!  *0  the  X-AXIS  IS  X,  A12t  70Xt  ‘THE  V-AXIS  IS 


' A12  ) 

fORMAK  • *t  5i  •••  )•  • F SUBFiELO  - % IH*  . 

♦••r  lit  lH*t  • HAS  GOMPONF.f4T  NUMBTR  GREATER  ThAN  't 

FdRMAT(  ■ •XVAlUES**  ICX,  •YVALUES*t 

OA,  *GRAPn*t  •INCCX*;.  er,  #vwrnjcc*.  lox.  •yVALUES^,' 

0X,  •GRAPH*  / • SEG’ltMT*,  5X , • TSCAN)  * t 5X , Al2,  SXt 

Aie,  5X,  •SVM90LS  12Xv  * 43CANf  , SXt  A12t  5X,  Al2t  SXt 

•SYM90f  //  ) . ' . 

FORMAT  ( 5(  ***  >*  * N DATA  1 ASLE  QVERFLON,  Ti.RM.NA TIN*j  t 
• DATA  ACOUISirXCN*,  31  / )) 

FORMATt  • ••  Sr-*^*  )f  • F INSUFFICIENT  DATA  POINTS  FOf, 

^ • SCATTEP.GRAM'  ) 

FORMAT  ( *0  • t A5  ) 

FOPHATC  •♦‘t  lAXt  I3f  6X,  F 10 • 3,  7X , FIO • 3,  tOX , Alt  l&Xt 
I3t  iXt  Ai,  4Xf  F10,3^  7Xt  F10,3,  lOXt  Alt  //  T ' . , 

FORMAK  lAXt  |3t  * » 4X,  R10,3,  7X,  F13#3*  lOXt  At, 

16Xt  I3t  VXt  Alt  ^X,  F10*3,  7Xt  FlQ*3t  lOX,  A1  fl  ) 

FORMATl  •>%  lAXt  I3t  6X,  FlQ.3t  7Xt  F10,3>  t0>.  AV//  f ^ 
FORMATl  lAX-t  I3t  • •*t  **X,  rl0,3t  7Xt  Fl0,3f  lOXt  A1  //  V 
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no  o o<T>  o o o o no  o non  o no  o n non  on  o on  o no  o no  n on  n on  non  no  n noon 


PAG 


CSCAT 


SCAT  VEHSION  2 


LAMCUAGf  — SePIftS  blDa  FOPTPAM 

SVSTSf*  KSLEASE  3. 


written  by  JAMES  KAHN  lO-JULy-75, 


PURPOSE 


THIS  SUBROUTINE  PPOGUCES  A SCATTE^GRAM  OF  Tnl  INPUT 
VECTORS  USING  THE  US£F  SUFPLiSC  VECTt,-^ 

VECTOR'S  POSITZON  ON  Th£  G=>At>H,  IF  hCRE  T,-tAN  :nE  VECTOR  SYMBOL 
OCCUPIES  the  same  position  on  the  SCATTERCRAM,  special 
INTERNAL  SYMBOLS  HILL  EE  SJBSTITuTlD  AT  T-IS  ^iSilZCN.  THIS 
SYMBOL  HILL  CO.RFESFONO  TO  THE  CECImAL  NUMBER  0-  INTERSECTIONS 
at  THAT  POSirrOM.  IF  THE  NUMBER  OF  INTERSECTIZMS  £<CEE05  9* 

THE  SYMEO^  WILL  REFLACE  THE  NUmES  IC  SV^BCL  -T  THAT 

POSITION.  THIS  SC.ATTLPGFAM  SUeROUTiME  ALSO  'EATuRES  OPTIONAL 
AU  T OH  A T I C AXIS  C EN  T £ R I NG  . Ofi  TH  E ^ IG  H T S 1 0 v 0 ” T h E S C A T T E RGR  A M 
iNf’ORMATlOM  CM  TmE  NUM3EF  QF  OATA  POINTS*  IMERViL 

SIZES*  ANO  STAFCARC  DEVIATION  percentages  ARE  LISTEO  THE 

USER'S  CONVIENCE. 


SCATQOOl 
scATooaa 
scATC::.3 
SCAT  af'fiA 
scATncav 
SC  AT  0035 
SCATOOQb 

scat cr 36 

SCAT  0 307 
SCAT  00  0 3 
SCATQQJ39 
SC  AT  C 310 
SCAT  ri  Oil 
SCAT0C12 
SCAT  0 0 13 
scATnniL 
SCAT  Cl : 15 
SCATCC16 
SCAT  0017 
SCATOOia 
s:;Tnci9 
SCATCC2: 
SCAT0021 
sc AT  00 2? 
SCAT  00 23 
SCAT  0024 
SC at cc 25 
SCAT  002  6 
SCAT0027 
CCATCCC5 
SCATOOZ^ 
SCAT  0 030 
SCAT  00  31 
SCAT0C32 
SCAT  CO 33 
SC AT  0 0 34 
SCAT  0 0 35 

scatooib 
sc^Jtiv:$7 
SCAT  003  3 
SCAT  0039 
SCAT  0040 
SCATr^Hl 
SCAT0GA2; 
SCATOOHt 
SCAT0044 
SCATOOLS 
SCAT&DvS 
SCAT  0047 
SCAT  0 049 
SCAT  0 049 
SCAT  0050 
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oooooooooooooooooooooooooooo.JoooooooooooooooooooooOo 


CALLING  Ai^GUHENTS 


XV EC tor 

yvector 

SYliBOLS 

VSI2E 
ftA^lGEX 
RANGEY 
center  X 

CENTER V 


AN  AR^AY  OF  X-Vt^CTORS  CrNENSlONEO  DV  VSI2E 
TO  be  GRAPhEP(  REAL  ). 

AN  &RRAY  OF  Y^ VECTORS  7IMENSIQNE0  BY  VSIZt 
TO  5E  graphed  ( ^EAl  ) . 

AN  ARRAY  OF  GRAPH  SYH60LS  FOR  THE 

C0RRE3P  (NDIUG  VECTOR  PCINTS,  IT  IS  DIMENSIONED 

BY  VS:ZE<  C^-ARACTER  ). 

the  dimension  of  T>iE  XVECrOR,  V VECTOR*  AND 
SYMBOLS  ARRAYS!  INTEGER  ). 

THE  range  3£Twe=*N  ThE  HINIHUM  AND  MAXIHLM 
VAVNESi  OP  THF  XiXrS:  ON:  THE  GRAPH  ( REAL  )• 

THE  RANGE  BETWEEN  TH E HINIHUM  A>D  MAXIMUM 
VALLES  0F;THS  VAXlS  ON  THE  GRAPH f RE AL  )• 

THE  CENTER  OF  THE  XAXIS*  IF  OEfAULT*  THE 
HIORANGE  OR  MEAN  OF  XAxXS  WILL  BE  USEO 
i REAL  >. 

THE  CEMTER  OF  THE  VAXIS.  IF  OEFAULT* 

THE  MIORAhCE  OR  MEAN  OF  THE  YAXIS  HILL  BE  USED 
i REAL  ) . 


SGAT0051 
SCATCBBZ 
SCAT  DOST 
SCAT0P5V 
SCArtJOSS 
SC AY  0P5o 
SCATStsT 

scATense 

SCAT005B 
SCAT  0060 
SCAT 00 61 
SCAT CC 62 
SCATP063 
SCAT006% 

scar 0065 
sc  at  on 66 

SCAT0C67 
SCAT  006  0 
SGAT0069 
SCAT0070 
SCAT3571 
SCAT  on  72 
SCAT0073 
SCAT007L 
SCATCQ75 
SC  AT  00 76 
SCAT  0077 
SCAT007^ 
SCAT  0279 
SCAT0V3J 
SCATOOAl 
SCi 70052 
SCAT  00  *J  5 
SC  AT C 059 
SCAT0055 
SCATOOdB 
SC AT CC 57 
SCATOC35 
SCAT  00 59 
SCAT  009? 
SCAT  0091 
SCATOf^BE 
SCAT 009T 
SCAT  0099 
SCAT6095 
SCATCOBB 
SCAT0037 
SCAT  0093 
SCAT  0099 
SCATCtOI 
SCAT  0101 

SC  AT  0 toe 
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PACE 


3 


I 


t 

2 

1 

1 

2 

1 

2 

1 

Hi 

6 

7 

8 
9 

1 

2, 

3 

4- 

6 

? 

8 

010 

C 

C 

COO 

c 

c 

c 

c 


c 

c 

GIF 

C 

C 

1 


SUePOUTINE  SCfiT<  XV'-CTO®.  yVECTO^,  SVM50*^5,  -JSlZtt  ^ANGEXf 
hANGEV,  CEniEKX,  CSNTt'^V  ) 

imfuicit  integer ( X - P ) 

iHTEGtP  CAUC,  G^AF(  10  »t  QUM^Yi  3 )t  FI^L.  LlNHi  95  • 

/ 95  • 1 /f  VSIitt  SYM30CS  f VSIZE  ),  XPO:mT3  « 3 ), 
YFCINTS(  3 ) 

real  points,  3TAT(  51  ) / 51  ♦ 037 777-^77777^  /,  VAIUH<  51  ) 
/ 51  • 0377777777777  /t  av/ECT091  VSI?E  )•  V5IZE  > 

CHARAGTER  B04?7<  51  » / 12  'IS  1?  * *IS 

12  '*  M'f  12  • CkAR3(  to  » 

/ 1 .2.,  -j. , *5!,  -B*,  .7.^  *3,^  .3.^  ^ 

character  info  » 10(  51  > / 4 ^ • • ^>73.  s*,  “ 

3 • • •,  • INTERVAL  S ' SIZES  S * S • X 3 s 

• V = S 4 • • *HIN  i ^ S '^AX  X = 

* •,  'MEAM  X = S 'STOHV  X = S 2 ♦ ' S 

-X  X WITHtN'S  ••  -f  '‘X  RANGE  = ‘S 

•1  ^TDEV  - S '2  STCEV  = STDcV  = S - • ^ 

•WIN  V = ••  'MAX  y s s • s mean  y X s 

"STOEV  Y a ”,  2^  ” -X  Y WITHl-rt  •* 

*V  RANGE  = '1  STDEV  S *2  STGEV  5 

•3  STOEV  = 4 ^ • • / 

eQUrVAUNCt  < TEHF,  ITFiF  >,  I DEFAULT,  VAlJE«  1 )), 
i VCLNTER,  VALUEI  2E  D , ('^IC  X , ( 1 )), 

5 HEANX,  OUn>Y(  2 I),  ( •HOY,  OUNMr  ( 3 )», 

I POINTS,  STATI  0 M,  ( OX,  ST1T(  12  I), 

« pYj,  STAT(  13  n,  ( XMIN,  STAT{  16  >)• 
i XNAXf  2»  I 1 t I 'j  #i,  4 iTwTi  7 1.  # i » 

C XSO,  STAT(  22  M,  I YHIN^  ST  A T C 35  ) ) , 

I YNAX,  STAT4  36  >>,  ( 3l4j(  35  I), 

l YSO,  STATt  39  Hi  < CHAR,  CHARS  ) 

PCYI  At  9 ) - < 4 / 3 > •120. 

NOSWirCH  s 0 


THE  X,V-VE:T0=  pairs  PLUS  THEIP 
ACCaHPANYlNG  S-tPh  ^uf^OCLS  ARE 
SORTcO  IN  3fS:iNniNG  OROER  OF 
THE  Y VECTOR. 

00  20  ORDERl  ^ It  V5IZE  - 1 

00  20  0RDER2  * OPOfRt  ♦ 1,  VSIZE 


CHECK  FCR  : :s:ENC ING  ORDER  OF  THE 
Y VECTOR  ARRAr, 

IFI  YVECTOR(  OROHRl  > ,GE.  YVECTC=»(  CfiOERE  ) ) 

GO  TO  20 


SCAr0103 

s:atoio4 

SGAT0n5 

SCATvlIG 

3C4T0107 

SCITOIO^ 

s:atoio9 
SO AT Olio 
SGATOtlt 
SCAT0U2 
SC Arc 113 
SC4T0U4 
SCAT  0115 

scarciiE 

SCAT  0117 
SCAT0U8 
SCAT C 119 
SCAT  0120 
SC AT  0121 
SC  AT  0123 
SCAT  0125 
SCAT0126 
SCAT  etas 

SC  AT  0130 
S0AT0131 
SCATtl32 
SCAT0133 
SCAT0134 
SCAT  0135 
SCAT  01 35 

SCATC13S 
SC AT  01 39 
SCAT  0140 
SCAT D 1^1 
scAToi-a 
SCATOtLJ 
SCATOl;.^ 
SCAT C 145 
SCAT « 1^6 
SCAT  0147 
SCATCl;.* 
SCAT  0149 
SC ATP  150 
SCATdlSt 
SCAT C 152 
SCAT  0153 

sc^^rol$4 
SCATOISS 
scat C 155 
SCAT  C l 57 
SCAT  015  9 
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c 

c 

c 

c 

c 

c 

c 


020 

C 

C 

GIF 

C 

C 

C 


c 

c 

CPO 

c 

c 

c 

c 


030 

c 

c 


SWAP  x»y-v£Ct:;3  pairs  and 
ACwOHPA  NYlilo  3HAPN  GY?iaOLS  TO 
OPOER  V VECTCR3  ANC  S£T  RESOPT 
INPIG^TOR. 

NOsbiTCH  ^ NOSWltCW  > i 
TEMP  = XVECTO\<  OPpEPi  ) 

XVECTOPl  ORDERl  > - X\/ECT0:R(  pPp£P2  ) 

XVEbTOP ( OPrER?  ) • TESP  I 
TEMP  = VVeCtORi  CPCEPt  ) 

YVECtOPr  OPCcRl  ' = yYECTOPC  OHq£R2  ) 

VVECTOR<  OPPHP?  > = TEW? 

ITEMP  i=  symbols  ( ORCEPl  I 

SYMBOLS?  OPDERl  ) s ^:vM30LS(  0O0E=2  ) 

symbols?  OPCERP  ) = ITtMP 

CONTINUE 


CHECK  THE  RcSORT  iNOIGAfap  AND 
SORT  THE  y VECTORS  ASAIN  IF  U 

■ IS  ON,  . ■ . . ■ 

IF(  NOSHITCH  } 10,  , 10 

XMA^  » XVECTOR  i I \ 

XMIN  = XMAX 

YMAX  a YVECTOR?  1 > 

VMIN  * YVECTOW?  VSiZE  ) 

XSUM  ■ Of 

YSUM  « 0. 

XSS  = 0. 

VSS  « 0. 


CALCULATE  tnt  mInIMUH  ANC 
MAXIMUM  QP  T^E  X VECTORS. 
CALCULATE  J^Z  S*JM  AhC  3LM  QF 
squares  OF  THE  X,Y-VECTCR  PAIRS# 


DO  30  CALO  P If;  VITZE 

TEMP  = XVcCTCP?  CAlC  ) 

XSUK  = XSUP  ♦ TEH° 

XMAX  = AMAX1(  XMAX,  TEMP  ) 

XMIN  - AHINU  XMIN#  TEMP  » 

XSS  = XSS  ♦ TEMP  »»  2 
YSUM  a YSUM  ♦ V VECTOO < CALC  1 
YSS  » YSS  > YVECTOH?  calc  > 2 

CONTINUE 
POINTS  a VSIZE 


PAG 


SCATPBS 
SCAT  0 ISO 
SCAT  0151 
SCAT C 152 
SCATQ15T 
SCAT  0154 
S:AT0155 
SCAT! 155 
SCAT  0 15? 
S:AT015‘' 
SCATC1&9 
SCAtOlZO 
SCAT0171 
S0ATC1Z2 
SCAT  0173 
SCAT0174 
SCAT  0175 
scATOize 
SCAT 01?? 
SCAT  017 8 
SCATtlZS 
SCAT  013 3 
SCAT  01 31 
SCAT 01 32 
SCATC133 
SC  AT  0134 
SCAT  013$ 
$: At 01^5 
SCAT0137 
SCAl  U13fl 
SCAT0139 
scATtis: 
SCAT C 191 
SCAT  O t T2 
SC  A T e 193 
SCAr0tP4 
SCAT  Cl  35 
SCAT  0195 
5CAT0197 
5C6T0193 
SCAT  0199 
SCAT02D0 
SCAtO  2C1 
SCAT0P1Z 
SC  AT  0 203 
SCAT02V4 
SC AT  0705 
SCAT  0 20  6 
SCATC2C7 
SCATC203 
SCAT  0 209 
SCATOeiO 
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f I «>  O M * • 


fAGS  5 


COMPUTi  T>*E  ?1?:AN  ANC  STA’iCixO 
CEVliTlON  OF  THc  XtY-VtCTO^ 
PAI°S* 


« X5*J?1  / FOlhTj 

U:;  . >SS  / F0INT5  ^ 

2 F C T E f P • t T • ^ ■*  ■'  * 

U:  « SQPTI  TEHP  > 

,r,r*f.  B ySJH  / POINTS 
n-p  t »S3  / POI'tTS  - YMr.Al  2 
rri  .tT.  JJ.  ) 

tSD  * SCJ?TC  T£-P  I 
F.E3CAT 


INITIALI2E  COUNTERS  fO=^.  TME 
FOLLO  V4I  NG  STiNP  A PO  OEVi  AT  ION 
POINT  CCfiPUTAT.lON^ 


DO  40  INIT  » If  3 

XPGIMTSC  XNir  > = C 
yPOINTS<  INIT  ) = 0 
OUKNVt  INIT  i 5 0 
t,5  CONTINUE 

heavy  5 0 

USANCE  = p.AnGEX  / 2. 

D*  s X^ANGE  / 43* 
kGSAph  r XPANGE  - / 2» 

Vi^ANGE  = RANGEY  / 2* 

DY  • yJANGE  / 26. 

ftirAf^H  » TVMNGt  - Ct  / 2# 

XCENTEP  * CENTc-PX 


IF  THE  UGER  uI3  NCT  SUPPLY  AN 
XaXiS  CENTER  FOR  Tnt  G-AOHr 
THEM  USE  THE  OEFAULT  X4XIS 
CENTER. 


IFI  ^CENTER  *EQ.  DEFAULT  > XCENTEH  = ( XHAX>  XHIN  ) / 2. 
YCfNTER  a CENTEFV 


•t#  If  The  USER  OtO  NCT  SUPPLY  A 

t YAXI3  CENTEa,  TnEN  USr  tnE 

: CEFAULT  YtXiS  SEMTEF. 

IFi  TCcNTPP  ,|q/  CEfAULT  i YCENTfR  = ( YrtAX  > YHlN  ) / 3* 


compute  the  NUH3ER  OF  GRAPH 
POINTS  THAT  ARE  WlThtN  C-NE 


S0AT0211 

scATraia 

SCAToaiS 
S:ATQ214 
SCATOEIG 
SCAT  0 716 
SC AT  021 7 
SCATOEia 
SCAT  0219 
s:aTi;220 
SCA|T022t 
SCAT0222 

SCAT  0223 
SCAT  0224 
SCAT  0 226 
SCAT0226 

scare  22 7 

SCAT  0228 
SCAT0229 
SCAT  0230 
SCATP231 
SCAT  0 2 32 
SCAT0233 
SC  AT  123*. 
SCAT0  2J5 
SCAT0236 
S:ATD237 
S3  AT  C 23  3 
S3ATC2T9 
SCAT024O 
SCAT  vcf X 
SCAT  0242 
SCAT0243 
SCAT C 244 
SCAT 0245 
SCAT024b 
SCAT  0247 

SCAT52«t8 
SCAT  0249 
SCAT  0 253 
SCAT0251 
SCATC252 
SCAT  0253 
S3 AT  0 254 
SCAT  0 255 
SCATCIS* 
5C4TC25? 
SC AT 025 3 
SCAT  0 259 
SCAT C 25^ 
SC  AT  0 261 
SCAT  0252 


IDriginai;  page  js 
OF  POOB  qualITIS 
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PAGE 


STO*  OEV.t  r^O  3T0.  OEV.f  AnD 
C THREc  STO.  Dctf. 

C,  . ■ ■ 

^ DO  50  CALC  » v>  VSIZP 


COUNT 
THE  G 


THE  HUH9ER  CP  POINTS  ON 
t^APn  IF  IT  IS  CENTE^EO  ON 


THE  XAXI3  MIDRANGE. 


IFC  A0S<  XVECTOPrCALO  ) - XCENTER  ^ •LE* 
01FF^»  A3S1°XVECT^  CALC  » - XHEAN  ) 


XGRaPti  I 


C 

c 

GIF 

C 

C 

C 


c 

c 

GIF 

C 

C 

G 


C 

C 

GIF 

C 

C 

C 


c 

GIF 

C 

c 

c 

G 


c 

c 

GIF 

C 

c 

G 


COUNT  THE  NUH3cR  OF  POINTS  ON  THE 
GRAPH  IF  IT  IS  CeNTEREO  ON  THE 
vXAXIS  HcAN. 


IFi  OIFF  .LE.  XGPAPH  > HEANX  = HSANX  ♦ 1 
ITEHP  a OIFF  / XSO  ♦ 1. 


COUNT  THE  NUH3ER  OF  GRAPH  **OlNTS 
0**  THE  XAXIS  THAT  APE  WITHIN  TH- 
TkREE'^CTO.  dev.  FANGES. 


IF(  ITEMP  .LT.  A ) XPOlNTSi  ITFHP  > * 
« ITE^P  ) t 


COUNT  TKS  .NUrtRCR  OF  POINTS  ON  TM? 

GRAPH  IF  IT  IS  CFNTi^SD  3N  THE 

VAXIS  H10°AMSE. 

IF«  A3S*  TVECTOSt  CALC  > ^ TOiNTER  » .LE.  YGRAPH  » 

HTOY  s HIOV  *■  I ■ 

qIFF  ?»  A33(  TyECTOPi  CAlC  J - YMEAN  I 

COUNT  THE  NUM3FR  OF  POINTS  ON  THE 

graph  ip  it  is  centehcO  on  the 

YAXIS  ^'EAN. 


IF«  OIFF  .LE.  YGRAPH  > MEANV  ^ MEANY  * t 
ITEMP  = OIFF  / ISO  > !• 


COUNT  THC  NUMBER  OF  GRAPH  POINTS 

OF  the  YAXIS  THAT  are  within  the 

THPcESTU*OtV.  RANGES^ 


SCAT0?f5^ 
SCAT  0264 
SCAT026^ 
SCATn?66 
SCAT02G'^ 
Scaro26i 
SCAT C 26 9 
SCATf 
SCAT  0271 
SCAT  0 272 
SCAT  0271 
SCAT027V 
SCAT  0275 
SCAT0276 
SCATC277 
SCAT  0271 
SCAT  0279 
SCATOZHO 

soATcen 
SCAT0Z1? 
SCATOZil 
SCAT  0 23^ 
SGftT0255 
SCAT  0 2 16 
SCAT0217 
SCATO^II 
SCAT0239 
SCATO2R0 
SCAT 0291 
SCATC292 
SCAT  029 J 
SCAT  7254 
SCATQ29S 
SCAT C 296 
SCAT  0297 
SCAT  0295 
SCAT  0299 
SC&TC3;j 
SCAT C 301 
SCAT  0 302 
SCAT  0 303 
SCATC- SI- 
SCAT  5 31S 
SCAT  0 30  6 
SCAT03V7 
SCAT C 3)1 
SCAT  0 339 
SCAT  01 10 
SC  AT  a Til 
SCAT! 312 
SCAT031J 
SCAT  0314 


PAG^ 


050 


C 

c 

c 

c 

c 

c 


c 

c 

coo 

c 

c 

c 

c 


060 

c 

c 

CIF 

c 

0 


IF  I ITFMF  . LT  . V ) VPOINTS  C ZTe.'*-  ) - 
VPOXNTiC  ITKHP  ) * 1 
CONTINUE 


jiPOiNTst  2 > s xpc:nts(  Z » ♦ 

fcPOlNTS«  3 ) ^i  >PClNTSr3  ) ♦ 
YPOINTSI  2 > = yPOINT£<  2 ) ♦ 
fPOlHTSI  I > - yPCINTSi  3 » t 


DO  60  calc  s 1,  3 

STAT<  CAIC  ♦ 27  ) = PCt( 
STAT<  CALC  t A4  ) = PCT( 
CONTINUE 


calculate  final  total 

NUrBEP  =c:nT3  WITHIN  THE 
THPEH  STX.  :EV.  ranges. 

xpqint:  ( 1 r 

ypOiNTSt  c I 
YPO:UT£(  1 ) 

VPOZNri t 2 I 


calculate  T-EPEPCENTAGES  of 

GRAPH  PCINTS  WITHIN  ONE  STO. 
CSV.,  TWO  STD.  3EV.,  AND  THREE 
STO.  OEV. 


yPOlNTSt  Cite  ),  PGINTS  i 
yPOiNTS  ( CivC  ) » PCINTS  ) 


IF  THE  j:t-  SUPPLIED  an  XAXIS 
CENTER  J^D®  The  GEAFHt  GENTEP  IT 
ASC'J*^  ’’H-  y‘YTq  hTORANGE, 


IF<  CENTERX  *HU  DEFAULT  ) GO  TO  70 


C 

c 

CIF 

C 

c 

c 

C ^ 

c 

c 

c 

c 


IF  T*i£-.E  A = £ hope  POtMS  CN  THE 
CRAPf-  IP  XAXrS  :S  CiNTEPEC 

ON  ITS  H:ir:HGE  THAN  ITS  MEAM, 
CENTER  :T  D‘i  ITS  HURAnGE. 


JFC  HEAN>  .LT.  HIOX  ) GO  TO  70 

CENTER  THE  XAXrS  CN  ITS  NEAN. 


XCENTEP  > XHEAN 

STATl  27  > = PCT(  wrANXi  POlMtS  ) 
GO  TO  SO 


CENTER  ThE  XAXIS  CN  ITS  HlDRANGE. 
STATC  27  ) = PCT(  HlOXt  POINTS  > 


SCAT  OTIS 
SCATOTlc 
SCAT C 317 
SCAT0319 
SCAT  0 319 
S3AT032i 
SCATGS21 
SCAT  3 122 
SCAT  0323 
SCAT  9 324 

scat: 325 

SCAT  2 32  5 
SCAT  0 327 
SCAT  0 325 
SCAT  0 329 
SCAT3330 
SCAT0331 
SCi^C3|2 
SCAT QT 35 
SC  AT 0 334 
SCAT0335 
SCAT  C33o 
SCAT0^37 
SCATC333 

scat:  7 35 

SCAT  9 340 
SCATCi^t 
SCATQT42 
SCAT  9 3^3 

SCA?}J^4«. 
SCAT  0 345 
SCAT0346 
SCATCS^T 
SCATfT43 

SCiTj»  y^q 

SCiT3  3G0 
SCA^CTSl 
SC4T0  S52 
SCATC75T 
SCA’^Q354 

SCAT^J55 

SCAT  0 355 
SCATO^ST 
SCAT  0355 
SCATC339 
SCATOToa 
SCAT03SI 
SCAT  0 362 
SCAT0365 
SDATC 16- 
SCAT  0365 
SCAT0T66 
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C 

GIF 

C 

C 

c 

080 

C 

c 

GIF 

C 

C 

C 

G 

C 

C 

C 

C 

C 


100 


c 

c 

c 

c 

c 

c 


iF<  CeNTE^y  CEFfttltT  > 


IF  THE 
CEMfER 
A90JT 


U$£R  S‘JPs»L:Ea  4 YAXIS 
for  TrZ  "JRAPht  CEi*4T£P, 
TrE  YA/IS  ‘IICRANGE/ 


ir 


Go  70  90 


IFf  H6ANV  ,Lt*  Nior  ) 


A^ib'  MORE  POINTS  ON 
GPAPh  IF  THE  VAXIS  13  C-NT-R-o" 
ON  ITS  TH4K  CM  Ili 

WGANt  THEN  C£NT£P  IT  ON  ITS 
HIORANGE* 


GO  TO  90 


CENTER  THE  V4XIS  ONITS  HHAN. 

tc ENTER  a VNgAN 

STATI  44  > a PCTt  P£ANY.  POINTS  I 
GO  TO  100  . ^ ' 

CENTER  THE  rAXlS  ON  ITS  MIDRANGE 
STATf  i«4  ) a PCT(  NlOVf  POINTS  ) 


CALCULATE  T^E  GRAPH  SNCPOIMTS  OF 
THt  X AND  y AXIS# 

XO  * XCENTER  • XRANGE 
XEND  « XCENTER  > XrANGE 
yo  a yCENTER  ♦ VRflNGc 
VEND  R yCrENTER  . yranGF 
HALFOX  = Ox  / 2, 

HAiFoy  a ov  / ?; 

XTOP  a XENO  HALFGX 

X80TT0H  a XO  + ”ALFOX 
YTOF  a VO  - PAlcoy 
YSOTTOrt  = YCNO  ♦ F4LFCY 
XLOC  a X60TTCH  • DX 
YLOC  a VTOP  ♦ OY 


VALUE!  13  ) a YC ENTER 
VALUE!  39  ) a vCENirR 


COMPUTE  YAXIS  VAlUcS  NEARESr  TO 
THE  CENTER  Qr  THE  VAX  IS  FOR  I h- 
GRAPrJ, 

t3.  ^ Vy 

13,  • oy 


SCAT  0 347 
S:AT03Ri 
SCATCIoR 
scat  0 37 1 
SCAT  0 371 
SCAT0372 
S:ArC373 
SCAT0374 
scat  0 375 
S:iT0374 
SCATC377  I 
SCAT 0376 
SCAT 0379 
SCAT  0 390 
SCAT0331 
SCATOHa 
soucsn 
scat  0 334 
SCAT  0 335 
SC  AT? 356 
SC4T0337 
SCAT0  35IJ 

SCATC339 
SCAT 0390 
SCAT  0 791 
SCAT039? 
SCAT 0393 
SC  AT  0394 

srATC793 
SCAT  0396 
SCAT0397 
SCATCER* 
SCAT  0399 
SC AT  0 401 
SCATnwci 
SC4T>.*3  2 
SCATC473 
SCAT  04 04 
SCATChJE 
Sw  AT  0 4 36 
SC A TC 43 7 
SC AT C 4.5 
SCAT  04-19 
SCAT  0 413 
SCATCAU 
SCAT  0412 
SCAT  0 41 5 

scAn^m 
scatcv:5 
SCAT 041 6 
SCAT0  417 
SCATOAli 
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U43T)^  • I 

t-srv  * 1 

MZf  600  ) VO 


PRINT  cur  THE  SCiTTE-iGSAN  ONE 
CINE  AT  A TINE  ALL  TnS 

points. 


::f 

c 

c 


t 

2 

C 

c 

cif 

c 

c 

c 

c 

c 

c 


OO  ?10  PRINT  = It  VSI7E 


IF  A point  13  OUTSIC^  THE 
eOUNOARVS  Or  THE  GRAPH.  SKIP  IT., 

IF!  VveCTORt  FRXNt  > .SE.  YT'JF  .OR. 

XVSCTORr PRINT  ) .L£.  XROTTOH  .O-i, 

XVECTOR(  print  ) .Ge.  XTOP  » GO  TO  19C 


IF  The  POINT  lies  SELOH  THE  YAXIS 
lower  bouno^ry.  EnC  the  Graph. 

IFC  YV£CT0P,(  FPINT  ) vLT.  YGOTTOH  ) GO  TO  203 


POSITION  IS  THE  lOC AT  ION  OF  THC' 
CURRENT  POINT  ON  TnE  PRINT  LINE. 

POSITION  = ( XVECTORC  P'^INT  } - XLOC  ) / 

LINENUM  s i YLOC  - YViCTOP(  PRINT  ))  / OY 


IF  The  CURRENT  LINE  NUmBcR  13 
CIFFERENT  THAN  ThE  LAST  LIME 
‘ NUMBER.  PRINT  A GRAP<n  LINE. 

IFf  LINENUM  .EQ.  LASTY  ) GO  TO  170 


INSERT  DJPLI:AT“  POSITIaN 
SYHGOLS  AN3  5LiM<S  INTO  THE 
PRESENT  LINE. 

00  140  FILL  = 1.  9*5 


IF  A LINE  cLEH£vt  t3  NHCITIYEt 
REPlACE  It  WITH  A Blank,  if  it 
‘IS  ZERO,  peplace  IT  wrr>-  tht 
aUPLlCiTE  PISITIDN  counter 
OVERFLOW  SYNID.  . 


SCA^0i.t9 
S:aT0420 
SCAT  Qi.21 
S:ATa422 
S:ATCA23 
scat  0 424 
SGATOtaS 
S:AT0426 
SCATOi.27 
SCAT042d 
SC4TC«>29 
SCAT0430 
SCATOin 
SCAT  0432 
s:Arp4i3 
SCAT  0434 
SCAT0V35 

scar  0^36 

SCAT  0437 
SCaT0430 
SCATC439 
3CATr44C 
scat  0^41 
SCiT0442 
SCAT0443 
SCAT0^*4u 
SCAT  0445 
SCATOVAE 
‘SyAT  0 446 

scaroA4o 
SCAT  0449 
SC  AT  C 451 
SCAT0451 
SCAT  0 452 
SCAT0453 
SC AT C 45^ 
SCAT0459 
SCATC^-So 
SCAT0457 

SCAT«45a 

SC  AT c 459 
SCATOASO 

SCAT0461 
SCAT 046 2 
SCAT 0463 
scat  0464 
S C A T Q 469 
.3CAt0466 
SCAT  0 467 
SCATr46?. 
SCAT  0469 


OJ’  PO(m  opUOT 


PftGE  1C 


C 

c 

GIF 

C 

C 

C 

130 

140 

C 

C 

C 

C 


c 

c 

coo 

c 

150 

c 

c 

GIF 

c 

c 


c 

c 

GIF 

c 

c 

c 

160 

C 

C 

CIF 

C 

c 

c 

170 

G 


IF  C tlMc  i FIUI  ))  * 131 

LlNEl  FIU  ) = 10  ) 

GO  TO  140 


IF  A LIN-  £LEM£ST  IS  POSITIVE 
an:  Less  THAN  10* 

WITH  ITS  CQJtHESPONnAUG  STH'30^. 


TP  t LINE  ( FILL  > •LT"  10  ^ 

line*  FILL  > = CH&Fl  LINcl  FILL 
CONTINUE 


PRlNt  » SCtTTSSiOFAH  LINE, 


RelNlTIALIZE  the  print  line, 


00  150  INIT  ; 1,  55^ 

LINE!  IMT  » » L 
LINEGAP  = LIMENUP  - l« sty  - 2 

print  all  9LAMK  LINES  SINCE 
THE  LAST  MOti*3LANK  LINE, 

IF«  LINEGAP  ) ISO,  • 

tiJfTir42,"61o''r  ( iALUE(  K ., 
j » 1,  55  1,  90AOI  >< 

STAT‘'  < ’ • ^ ^ 

TP  A'  L SI  GVAPH  LiNtS  HA'iE 

EcE>rpnINTSC.  GO 

LQW^  BCPOeP  irn  GPAPH  ladsls. 

iFi  LINENUM  .EO.  52  ) GO  TC  ZZl 
tASTY  3 LIKENUM 


IF  THE  CUPlIGATz  CCUNTER  HAS  ^ 
OVE^FLOHEC,  00  NOT  P-.OCESS  ANY 
MO®£  DU^wICATESr 


IFT  LtN£«  POSITIGN  ) > r 190  , 


SCAT  0470 
s:iroL7i 
SC  AT c Ar  e 
s:atoa73 

SCAT0474 

SCAT0H75 

SCftTC A76 
SCAT  0 477 
$CAT047e 
SCAT0479 
SCATCl-10 

SCATQAai 

SCAT  04  52 
SCATO-83 
SCAT0414 
SCAT  O'* S3 
SCAT  0486 
SCAT04S7 
SCAT  0 468 
SC  AT  0439 
SCAT0490 
SCAT  0491 
SCAT0492 
SCflT049T 
SCAT  0 494 
SCAT  0 495 
SC  AT  C 496 
SCAT  0497 
SCAT  0 498 
SCATQ499 
SCAT C 5 CO 
SCAT  0601 
SOATCrOa 
SC AT  0 599 
SCAT05i4 
SCAT  0535 
SCAT  0506 
SCATtECr 
SCAT  0 53  8 
SCAT  Op  09 . 
SCAT  0613 
SCAT  0511 

sc  at  0 612 
SCAT351T 
SCAT0514 
SCATS  5 15 
SCAT  0 615 
SCAT  05 17 
SCAT06ie 
SCAT r 519 
SC At 05 23 
SC  AT  05  21 
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IF  TrEaE  IS  NO  PCInT  IN  THIS 
FOSITlOru  insert  T-£  USE^  lY^SOL 
, OTHEFHISE  OUpLICATE 

location  counted.. 

If!  LINEI  POSITION  > - t ) 130,  , lao 

UKEC  PCSITICH  > = SYM30LS(  PPINT  ) 
c:  TO  190 


INITIALIZE  THE  OUP^ICATE  POINT 
POSITION  COUNT =P. 

Ifi  LlNSr  POSITICN  » .GE.  10  .OR.  LINE  ( POSITION  } ' 
,Lt.  ? y l:ne(  position  > = i 
LIKE!  POSITION  ) a LIN£(  POSITION  ) ♦ 1 


IF  THE  n‘iruiCATE  PISiTIOK 
CO^-NTEP  EXCECOS  9,  SET  THS 
COUnTEk  OVE>%FLOy^  IMICATOR. 

:fC  LINE!  POSITION  I . cQ.  tO  ) II NE  < POSITI CN  I 't  Q 


IF  this  IS  THE  LAST  POINT. 

finish  T^E 

m PpInt  .mf.  » i:n  rn  Pin 

LINE  NUN  * 5? 

GO  TO  110 
CCKTINUE 

-VITVI  A2,  600  ) tend 

•«':TEr42,  620  r xo,  XCENTER  - 2L.  • ox.  XOENT--, 

^center  ♦ 24.  » CX.  XENO 
i£7u-N 

IX,  fTi.3,  0(  21(  •—  ).,  •I»),  23«  1,  •♦•  ) 

IX,  F11.T,  97A1,  2X,  AlO,  Fll.3  » 

6X,  5(  F11.1,  13X  i) 

.'t: 


SC4Tr5?2 
30110523 
SIATOEZ^i 
SCAT  05  25 
3C1TI525- 
SCAT  0 52 7 
SGAT5523 
SCm529 

SCAT053!J 
SC1T9531 
SIATOSIH 
SOATC533 
SCAT C 534 
SCAT0535 
S:aT0536 
SCiT053r 
SC  AT C 733 
$1170539 
SCATC5^0| 
SCAT  0 541 
s:;to542 
SCAT0543 
SCATC544 
s: AT  0545 
s: AT  0546 
SCAT  0547 
SCATG54a 
3CAT:549 
SCATC550 

« ^ ▼ f*  r c « 

50170552 
SCAT  0553 
S0AT0554 
SCATQ555 
SCAT  0556 
SCAT  0557 
SCATCSEi 
SCAT  0559 
scat: 553 
SCAT  0 561 
SCAT0552 


no  o 


fACE^ 


CREGRES  PROGRAM  INTERFACE  UETWEEN  TRNOEN  AND  SM002R 

date  4/16/75  CAST  HODIF JCATION  6/20/75 


PURPOSE 


TO  USE  FOR  REGRESSION  AKAUTblsiuu-rvrj  I , , ’ V;:  ’ 

ALSO  INCLUDES  THE  SET-U'’  CARDS  FOR  AS  ExPUAJMcD 

IN  THE  BHD  UHITE.UP.  EXCEPr  LEAVE^OUT . ^ 

2)  iFORMAT'  card 

3)  iFINISHt  CARD  „ 

THESE  CARDS  APE  GENERATED  BY  THIS  PROGRAM  AT  RUN  TIME, 


OAT*  CAROS 


1)  COMMAND  angle  CCNTROU  CARO 

COL  16^*  {THE^COMManD  angle  VUHoeR<S>; 

COL  16  *nGLES  SHOULD  HE  SEFARATEO  RY  COHHiS, 

blanks  hay  6E  freely  ugeo  to  facilitate 
EASY  reading,  do  NCT  INCLUDE  A COMMA 
AFTER  the  LAST  ANGLE,  A MAXIMUM  OF  5 
angles  may  BE  SELECTcD,) 

2)  COMPONENT  SELECTOR  CARO 

COL  16-80  THE,  COMPONENTS  OF  TwS  DATA  YECTOR  To  8E 
COL  16  y^go'^fOR  REGRESSION  ANALYSIS,  TlFFpReNT 

COMPONENTS  SHOULD  BE  ' • 

BLA'NKS  may  EE  USED 

EASY  READING,  DO  NGT  I'.CLUDE  a COMMA  AF'ER 
the  LAST  component  a,  '•'E  CCmPCnENT  « S 
MUST  BP  LISTED  TC  CISRSSPOMD  WITH  TmE 
appropriate  variable  c'.  the 
fOR  example,  TH=  FITST  cOmRONEM  oElECIEC 
SHOULD  BE  THE  VALUE  CF  VARIABLE  OOOi,  * 
NaXJMUM  of  15  COMPONENTS  MAY  BE  CHOSEN, 

3)  ZERO  Y-INTERCEPT  CAPO  (OPTIONAL! 

COL  8-12  ^j^Lous  THE  USER  TO  SELECT  * 

Y-JNTERCEPT,  it  should  be  used  for 
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on 


pageJL 


WglGHTED  DATA,  IF  OMITTEDi  THg  pRaGRAH 
ASSUMES  A NCN-ZERO  Y-IVTERCEPT 


C 

c 

c 

c 

c 

c 

C: 

c 

c 

Q 

C 

c 

c 

c 

c 

c 

c 

c 


DECK  SET-UP 


DATA 

CAROS 


select  jroUNG/REGRESS 

’’**"C0MANQ  (THE  COMMAND  ANGLE  A*SJ 

COMPNT  (COMPONENT  #’S  TO  9E  USED  IN  REGRESSION) 

BMD02R  CONTROL  CAROS.  OMIT  *P«ORLM»  r ORmATv 
ip|NlSH»  CARDS,  THIS  program  GEDERATES  THESE  CAROSi 
ALL  VARIABLES  MUST  BE  LABELED, 

f ' _ : ■ 

■ I 
I 

""""select  JY0UNG/BMD02R 


w 

C 

c 

c 

c 

tabue  or  important  variables  *nd  their  punctjon 

NaKE  • FUNCTION  _ _ 

c 

c 

c 

COHANG(I) 

, • • • • 4 

command  angle  NUM0£R(S> 

c 

c 

COHPNT(l) 

contains  «fS  of  COMPC.NENTS  to  be 

c 

. USED  IN  REGRESSION 

c 

c 

DATVgCd) 

data  vector  GENEflATED  8T  THNON  : 

c 

c 

FINCATI  I ) 

final  DATA  VECTOR  FOR  RESRBSSION 

cl 

• 

analysis 

C i 

c 

c 

NUMOaS 

number  of  data  vectors  ACTUALLY 
' USEO  IN  RESHESSION 

c 

c 

NUMPRO 

• 

t . . 

number  of  problems  ’ 

c 

c 

NUMREC 

• 

number  OF  DATt  RECORCS  OORReSPONDINii 

P«SE 


S 


c 

• 

TO  EACH  HEADER 

c 

c 

NUHSUB 

• 

NUhSER  or  SUBPJ^OeUEMS 

c 

• 

NUHHER  or  VARM8LES  USED  |N 

c 

nuhVar 

ft 

c 

ft 

regression 

c 


c 

c 


c 

c 


c 

c I 

INTEGER  C*RD<16)»rERMAT(l6),LASEl,S<15),TITl,E(i'l>,0ArE(3) 

INTEGgR  IUANG(l2),aCMPT,(10l,CaMPNT(15).CaMANG(5l 

integer  SUBPRO.CCy.DAlSEG.WDPRD.SEOiAi. 

HEAL  HEADa2),DATVEC<150),FIN:DAT(15) 

CMARACTER  C0LHD»<i,ZE°UyINT.4 

DATA  DETUT/03777  77777  777/,rTNISH/6UFIHISH/,.SUSPR0/iHSUBpR0y 
DATA  ICMANG/SRCOriNG/,,  1CHPMT/6RC0HPNT/,  ILAREL/iHLABELS/ 

DATA  r6RMAT/6H<7f 11. ,6RA)  ,14»«M  / 

DATA  ILANGU)/'7Z^‘ILIEGaL  FORHAT  FOR  COHHAND  ANGLE  CONTROL  CARD,  CH 
leCK  PROGRAM  URITE-UP,  J 

DATA  1LCMPT<3,)/6CHC0HPQNENT  CARD  NOT  IN  CORRECT  FORMAT,  CHECK  PROG 
IRAN  WRITE-UP/ 

C 

c INITIALIZE  ERROR  CHECKING  ROUTINES  FUR 

C RHOGHAM,  SET  POINTERS  TO  TOP  OF  FILES, 

CALL  FKOPTlgS, 1,1,1) 

CALL  FKALT(S30e> 

REWIND(02) 

REWIN0(03) 

C ' 

IC0UNT»1 

CALL  FPESF0BM(lCHECK,CfiMANR,5,VUNA.NG,NuLL) 

WRITE(6,966)  ICOHANGd!,  I-l,NUM*>iG) 

966  F0RMATv5X,'TWECCHHANU  Angle  NUHPBSS  APEI'//5X,5(I2,2X)) 

ir(|CHECK,EO,lCHANG.AND,COHANG( ICOUNT) ,LE , 5 , AND  . COHANG ( ICOUNT > , GT , 
10)  GO  TO  5 

, CALL  FXEH(61,ILANG,12) 


HEAD  IN  THE  COMPONENT  #'S  TO  BE  USED  IN 
THE  BMD02R  REGRESSION  ANALYSIS  ROUTtNE 
CONVERT  FROM  FREE,  FORMAT  CHARACTER 
STRING  TO  INTEGER  DATA 


CALL  FflEEF0RH<lCHECX,CCM.PNT,15iNUHVARrN 
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F*G6 


« 


|F(lCMPNT,eo.ICHecK»  GO  TO  8 

C*ut  FXeMtili tUCPPT.lO)  ' 

I.,  r.,  .«.l« 

IJS  A«E  «',3H'SI//5X.ii)(l3.2)0) 

CHECK  FOR  OPTtONAt  ZERO  Y-|NTERCEPT  CARO 

20  READ<9.899)  ZEROVINT 

699  rORMAT(7X.*6)  . — 

|F(ZEROYlNT,ME. *ZEROY  •)  GO  TO  22 
ZEROYtNT**  yes  • 

GO  TO  25  . 

22  ZEROYtNT.i  « 

BACRSPACE(5)  I 

READ  ANB  STORE  I.A36LS  FOR  DATA  HEADINGS 

29  R6*0(9|902HUABELSU)»I«1»NUMVAR> 

902  rORMAT<6X|7(AXiA6>) 


SCAN  *0S»  TO  COUNT  NjiBER  OF  SuRPROBLEMS 
(NUHSU9) 


NUMSUSsO 

3'0  RE*DJ5*703.£N0»A6)  NAMCRO 

90S  F0RMAT<A6)  . 

Jr  i nSriCSS * =5 « a’gor fiu  # «wn3uo*Nw”SJo*i 
CO  TO  30 

48  CALL  rCU0SE(05) 
nuhpro^o 

READ  MASTCR  MPa^E^ 

THc  PRC^IE**  C0UmT6R(NUHPR0)I 
WRITE  OUT  HASTER  HEa::=R  DATA 

' 50  READI2f  HN0-309MTItUE<  I I 9 1 *1  rlO  ) ♦ ( DATE ( I > # I »l, 3 ) |NU>»HcD, WDPRP 

nukpro»numppo+i 

990  FO^ATtlH^tTHl^IS  THE  DATA  SET  FOR  PRCBLsH  *<<t2) 

991  FORMATtlHoMoAftiSX? I2i  */'•  t2| '/'iT2) 

NUHOBSaO 


PROCESS  NEXT  header  and  data 


OOOOOO  OO  OOOOOO  ooooooo  oociooci 


PAGE 


5 


60  RE*D<2,eND»2dO)  COY. DATS6G, MODE, .'IOLDWD,NUMHEC,mE*C, TITLE 
C01.MD«'SCAN' 

|F{MOOE.EO,-2>  CCLM0='CEUI-' 

WMITE<6.952)D0Y.nATSE'l.TITLE^C0L“D,(UA9ELS<!),I=l,SUMVARJ 
992  F0RHATaH0.5X,I3,»-»,Il.l5l<,10'A6//'CASE  ' , A4 , 15 « 2X , A6 ) ) 

DO  123  rR6C»t,A-U^'REC 
R6aO{3JSERIAU,<DATVEC{J),J»2,WDPRD) 


process  tris  data  vector  if  it  has  the 
CORRECT  cchhand  Angle 


lF<SERIAL/100000000.NS.COMANr.(ICOUf.T))  GO  TO  120 
NSCANa(SERIAL-SERtAl/1000QOao*10Q0CC0O)/100a0 

lOFLT.O  , 


PICK  OUT  THE  PROPER  COMPONENTS'.  CHECK 
THEM  FOR  default  AND  FLAG  IF  DEFAULT  IS 
FOUND#  IDFLT»i 


DO  60  Jsi.NUMVAR 
INOEXsCOmPNTI J) 

F INDAT ( J)3DaTVEC (INDEX J 

80  IF(0ATVEC<IN0EX).E0.UEFLT>  IOFLT*! 

SKIP  processing  this  SCAN  IF  A default 
IS  FOUNJ,  U NO  DtFALiLT,  INCREMENT 
OBSERVATION  CeUNTER(s.C;M05S)  and  WRITE 
THIS  SCAN  IN  FORMATTeD  S^YLE  FOR  3MD02R 

IF< IDFLT.NE.O)  GO  TO  100 
NUM08S«NUM09S*1 

'URITE<9,953) (FINDAT(I). I»1.NUMVaR) ; 

993  F0HMAT(T(F..U,A)) 

URITE{6.95‘!  NU^'OSS.HSCAN,  (FINGATC  |) , ! jI.NUMVARI 

954  FORMAT(l4,2X.IA.15Fa,3) 

GO  TO  120 

log  HRITe<6.995)(FfNCAT(I»,l»l.NUMyAR) 

955  F0RMAT(6X, 15F8.3I 
123  continue 

GO  AND  PICK  UP  NEXT  header 

GO  TO  60 


CLOSE  DATA  files  for  THIS  PRO-wlEximaSTES 
HEADER j;  create  the  RM0323  CGNrRCL  CARDS 
FOR  this  problem  ON  FILE  >03* 
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PAQ8 


6 


20i<5  C*LI.  FCt-0SE<2) 
jes  H6*D(3#END«210) 

Zlic  C:*Lt  rCL0SE(3) 

.«.•  APPEARS  FOP  SCAN  «,  THIS  SCAN  HAS  A DEFAULT') 
o«A  ARE  TH'  BHDOZR  COvTROt  CARDS  FOR  PROBLEM  »'il 

Vzr/SxI'cSL 

^e90l234567B90l23456769Ql?34567890» ) 


C 

C 

C 

C 

C 

c 

c 

c 


c 

c 


rewind  »0!>*  and  position  at  first  8MD0?R 

CONTHOl,  CARO  jhACE 


PffwirO(5) 

PF.AD<5) 

fp:AO(5) 

ir(ZbKCYlNT,N6*<  YES 
PEA-D(5) 


*)  GO  TO  215 

C^<-ATe  *PROBLM»  CAPO 


MS  WPITb(3»95P)n3Y|  DA  T5EO , NUMD9S#  NUMV  AR  > N'yPSU9  jN'JkV  AR  i ZEROY I NT 
;?4  foi;;rr'PRokM'.3x.I3.'-'.ri,2X^t4,3X,l2,13X,.09'.3X,IZ.2X.I^ 

’BRn|(It95t)n0Y!ciTSeG!hgKft9^,NUMVAR,NUHS08,A<'JPV*R.?6R0YlNt 

959  rnWHAT  <5X  . •PRO"LK  ’ *3X>  13#  ^•Y  ? # 1 1 » 2X  • 1 4 # 3X  • 12 1 13V#  ’ 09*  # 3X,  j2  # 2Vr  I -i 
ii  YES  Y5S  YtSt,A6,»N0  fl  V) 


PEaD  aAR^US*  CARD.  WRITE  IT  CN  *00* 

;e?r  RF.AO(5#904  )<CARDn)#I*ltl6> 

9fl4  fO‘^'M''T(e(A6#  A4)| 

IF(C4«D<l)vNE^ltABEL)  GO  TO  230 
V.RITfc(^#904  >CAPC 
URITc(6»9C5)CARD 
905  rCPHAT<5y»?(A6#A4)) 

GO  TO  220 

INSERT  rORhAT  CARD 


/• 

23«  wPITE(8.90*)FERMAT 
LMITE(6.905)FEHMAT 


c 

c 

C 

c 

c 


24fl  LRiTB(ai904)CARD 
WRiTE(6.905)CAPD 


READ  AND  WRITE  REST  OF  EMD02H  CONTROL 
CAROS,  WHEN  FtSSiMED  TRANSPER  TO  PROCrSS 
next  Hastes  HEA02H(PRCBLEM), 


REAO«5|904i,END  = 50»CAHO  

00  TO  Z'40'.  ! . ■ 

c . ■ . 

C REHiND  *02'  A*.D  '03',  IF  THERE  ARE  MORE 

C COMMAND  angles,  SW,:?  *nD  PROCESS,  if  not, 

C WRITE  iFIMSH',  SET  ;:F'S,  REWIND  AND 

C STOP,  THE  ORIGINAL  data  IS  ready  FOR 

C - BMD02R  STEPWISE  REORESSION  analysis, 

C:  : 

300  REWIND,(02).  „ 

REHIND(03)'  . 

IC0UNT»ICOUNTa1  - 

ir< ICOUNT.LE.NLMANG)  go  to  so 
yRIiTElS»960  ) . 

969  FOHHATieoHFINISH 

1 ' ' 

WRI:TEt4,961)^  ■ . 

'961  F0SHAT(5X,60HFiNlSH'  . . ^ 

1 

ENDFILEIOS) 

ENBFILE<09) 
rewind (OB) 

; REHINDI09) 

S4e  STOP 
■ END  ; - 
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RAGE 


i 


oonoooo  ononorion^ooo<» 


FAQE 


I 


DATE 


CSTDVtH 

C 
C 
C I 

c ^ AUTHOR 

C i 


STANDARD  OEVlATlCN  HAINUNC 


9/1/75 

BIRRER 


PURPOSE 

THIS  PROGRAM  ESTIMATE  THE  STANDARD  DEVIATIONS  OP  DirFERENT 
categories  or  DATA^  “ADE  BT  COHPUTING  the 

R H S DEVIATION  cr  THE  RESIDUALS  PROM  A UNEAR  RnunESSlON 

PIT  This  program  presupposes  a TRANSGENcRATIPN  activity 
nuRlNO  WHICH  THc  residuals  POP  DlPfERENT  COHPONBNTS  ARE 
COHPUTE^-fiD  StHheo  iS  DirFEREMT  WORDS  CF  THE  DAT*  VECTORS. 
THE  USPR  SUPPLIES  OaTa  CARD?  VHiCH  SPEClTV  THE  COH^^AND.. 

IhIlpiI)  the  location  of  the  RESIOUALIS),  the  nuhser  of 
categories,  and  The  location  of  the  catejCRY  NUHBEfl  within 
TH^  Data  vector, 

THIS  mainline  handles  the  file  MANIPUIATION,  data  card 

processing;  THE  SUBROUTINE  WHICH  CCMPUTES  THE 


R M S deviations. 

• ••note##*  a MISSINU  CAItuOHY  i<v  TnE  UbTPwT 
NO  POINTS  IN  THS  CLASS, 


th; 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


data  cards 


1> 


command  angle  control  card 
cot  a-i3  cohang 
cot  16-^ao 


2) 


(THE  COHMaNO  ANGtE  NL“5£R(S),  THESE 
SHOULD  BE  FREE  fORPAT  INTEGERS  WITH 
OlFfERELT  ANGLES  separated  BP  COMMAS, 

00  NOT  INCLUDE  A CO‘^‘>.A  AFTER  ThE  LAST  ; 
ANGLE.  A MAXIMUM  or  5 ANGLES  ARE 

allowed,) 

RESIDUAL  LOCATOR  CARD 

COL  l6*lo  (THE  LOCATIOMS  IN  THE  DATA  VECTOR^^ 
WHICH  CONTAIN  TH|  Twc  VAU'JEs  OF  THE 
RESIOUAUS,  THESE  SHOULD  BE  FREE  FORMAT 


237 


u u oo  o< 


c 

C 

C 

C 

C 

C 

C 

C. 


I 

Cl 

C| 

c! 


cl 

c] 


rNTEGERS  yiTM  DIF^6f?E^^T  LOCATIONS 
SePARATFD  BY  COHHAS;  DO  VOT  InCLUDF 
A COMHa  after  the  LAST  LCCAT;I0N,  A 
MAXIHUH  of  a residuals  hay  be  chosen,) 

31  CATECOPY  EPECIflCATlON  CARD 
COL  1-13  CaTGOR 

COL  16-00  (TWO  integers  SEPARATED  BY  A COHHa, 

THE  first  integer  IS  T^E  LOCATION  OF 
CATEGOR''  VALUE  IN  THE  SATA  VECTOR.  THE 
SE^qOND  INTEGER  IS  THE  MAXIMUH  NUH3EH 
OF  USER  CatEGCRIES,  THIS  HUST  BE  LESS 
THAN  13,) 


C 

C! 

C! 

cl 

cl 

c 

c 


c 

c 

c 

Ci 

C| 

Cl 

ci 

• ••I 


DECK  SET-UP 

« 

<TR*NSSENER*T03  activitt  to  put  RESIDU*L5  and  categories 
■ INTO  THE  data  vector,  ) 

S OPTION  FORTRAN, nomap 

(OBJECT  PECKS  for  standard  OEVIATION  PR03RAM  — 

■ HAINLINE,  ^P6b^0HM,  a^O  SfA^xOAfij  CEV|*7itjN  3gSI>5U7JNC; 
f EXECUTE 

» LIMITS  3,i3K,,5K 

S FILE  02,023 

I FILE  03,C3S 

COMANO  X1,X2,  ,,,,X5 
R6SI0  T1,Y2,V3,Y* 

CAT60R  LOCATION, lAXNUM 

I 

(subsequent  ACTJVITtESJ 


IMPLICIT  INTE5£R(A-Z) 

character  Name. 4 . 

INTEGER  NCASES(5,4,12),  COmaNQ  ( 51  ,RESI  BUAL(  A ) , TITLE  UC  ),  DATE  (3)  , 

1 CATG0R(2),IDATVeCU5C),HEAD£R(l3) 

REAL  MEAN(5,4,12),  STOE  V(5,  4, 12 ) , DAIVEC  (150  » , :EFLT/0.377777777777/ 
equivalence  (CATLOC.CATCORtl>),(DATV£C,IOATVE;C), 


P«6E 
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PA3E 


3 


|NUMCAT,C*TG0R<2)).<TITtEiU.MEAC£Ptin.{;*T6{ll*«e*3ER<ll>> 


C»Lt  PX0PT<85,til»ll 
C*CL  fX*UT(S«0) 


REMiNO<02> 

REmNOIOJ) 


19  HE*D<5*981iEN0*«0)  NA-iS 

♦01  fORKAI(7Xi(A6» 
8ACKSPACE(9> 


S6T.0P  ERROR  0VER=!3=  TO  PROCESS  OOUaLE 
END  OF  File  MARK 


REWIND  , DATA  FliSS  TO  TOP 


input  data  cards  for  THIS  PROGRAM 


PROCESS  command  A'iGUE  CARO 


' jFjNAME.NE,-iCONANO*)  GO  TO  12 
CALL  FREEFORM ( HAKE. C0MAf|G»5iNUMAMG,NUl.l.> 
WRITE(42,900»  COMaNG 
•00  F0RMAT»5|5> 

GO  TO  10 

PROCESS  residual  CARD 


12  |F(NAHfe.NE.  iHEbilU  * » GO  Tu  14 

CALL  FREEFORM{NAMEiRESI0UALiA»NUMflES»NULL) 

CO  TO  10 

§ PROCESS  CATEGORT  CARO 

14  IF<NAME.NE,tCATGOR')  GO  TO  19 

CALL  FPEEFORM(NAMe,CATG0R,2,,NULL»ECF) 

GO  TO  10 
C 

C • IF  TOU  GET  HERE#  ABORT— THE  DATA  CARO 

J IS  NOT  PR0CESSI5L5 

19  HRlTE<4i951)  NAME  .„on.Dca  ewer 

951  F0RMAT(4X,  ♦••.ERRO.R»M  ThE  NAME  ' ,1H' , A4  1 1” ' . ' IS  IMPROPER,  EXEC 

lUTION  terminated, ») 

STOP 

C INPUT  NEXT  master  HSaCER 

P*'  ■ ' 

49  fi5ADI02iEND»9e)TITLE,OATE,NUHHGO,HnPRO 

CALL  SUBROUTINE  TO  COMPUTE  AND  STORE  ON 
*05* I IF  PEoUESTEj)  ThE  RESULT 

CALL  STOVCCaTGOR,COMANO,RESIDUAL,STDEV,ME1V,NCaSES, 5,4,12,  NUMANG, 

I NUMRES,U0PR0,0ATVEC,I0ATVEC, HEADER) 


CLOSE *03*  and  move  to  end  AND  CLOSE '02* 

Skip  to  PROCESS  next  header 

CALL  FCLOSEIOS) 

SO  fiEAO(02»ENO*60> 

CO  TO  50 

•0  CALL  FCL0SE<02) 

00  TO  40 
«0  RlxlNDIOE) 

REHINDIOl) 

. ' ' STOP  , 

END 


page 
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(•AGE 


SUSBOUTIK'E  TO  CAUCULiTE  ST*N0AR5  CSVIAt;oS  ”1|> “li*!:®., 

«TnV(eiT00H.C'!M4SGrRESlDUAi;,ST0SV,v,eAN,NCASES|HiXANG, 

^SU8E0UnN|gSTCS,^^^ 

WRPOse 

THIS  SUBROUTINE  COMPUTES  THE  R M S CeV|A^  S>?U^COMHAn0 
mpIn  ron  A SET  CF  RESIDUALS  CORRESPOND  1 ‘,G  TO  EACH  COMHANB 

An52e  COHPONiNT^AlR.  THI 

?4mUEU  CURING  ONE  PASS  THROUGH  the  DaTA, 


input  ARGUMENTS 


CATGOR 

COHANO 

RESIDUAL 

STDEV 

mean 


A i ELEMENT  VECTOR— CATGOP  ( 1 >i  * V°5„2a  , .* 

category  INFORMATION:  IN  0AT»  VECTOR)  CATG0R<2) 

number  of  categories  for  this  run 

VECTOR  CONTAINING  COMMAND  ANGLES  TO  BE  PHODESSEO 

VECTOR  CONTAINING  LOCATIONS  OF . THE  RESIOUALS 
IN  the  data  VECTOR 

matrix  USED  TO  COMPUTE  STANDARD  DEVIATION 
MAiTBtX  USED  TO  COMPUTE  HE;AN 


NCASES 

matrix  USED  TO  KEEP  A RUNNM?  TQTAL  ' 

or  usable 

CASES 

HaXANQ 

maximum  allowable  numbers  or  command 

angles 

1 

HAXRES 

MAXIMUM  POSSIBLE  RESIDUALS 

haxcat 

MAXIMUM  number  OF  CATEGORIES 

numang 

number  or  angles  actually  used 

NUN RES 

number  or  RfSIQUALS  actually  used 

HOPRD 

WORDS  PER  RECORD  IN  THE  DAIa  VECTOR 

OaTVEC 

150  WORD  VECTOR  rOR  INPUTTING  FROM  1 

3 at  A F ILE 

IDATVEC 

integbr  eoui valent  o:f  oatvec 

HEADER 

address  of  THE  header  RECORD 

INTEGEfi'^COMANGfMAXAN.’l.R  C ATCOR  ( 2 ) , HE  AOSR  1 13 ) • 

1 inATVECriSCI.NCAsbtMAXANG.MAXRES.MAXCAr^  ^ ^ ^ 

REAL  STDEV<MAXANG,r.AXMES.MAXCAT),MSAyMAAANG^  A C )i 

t OATVECU50)  iDErLT/Oa???????????/ 


» page  is 

w’POORQByiLn^ 
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2 


C 

C 


c 

c 

c 

e 

c 

c 

e 

c 


c 

c 

c 


C*TECOHYsCATGC‘?(l) 

NUHC*T»CATG0R(2) 

ZERO  OUT  matrices  AND  ARRAYS 

DO  20  J»1,NUMaMD 
08  20  Usi.NUMRHS 
00  20  KsliNUMCAT 
STDEV<1,  J,K  > = C : 

HEAN(r»U»'K)sO  

20  NCASESrri;J,K)iO 

READ  IN  NEXT  DATA  VECTOR 

40  REA0<03iEND«lfl0>  SERtAt. <DaTVEC( J> , J=2,WDPRD> 

CKECK  and  SEE:  IF  THIS  IS  A REagESTED 
COMMAND  AMCie,  IF  YES.  SKIP  Tq  CHECK  FOR 
OErAUtTlO/H'  SKIP  TO  READ 

DO.  50  1*1.NUMaN0 

58  lF(SERlAl.X.100000000,E«,CQMANG<n>  GO  TO  55 
08  TO  40 

55  ANGtEiCOMANGC  II 

CATEGORY*  CATOOR<:1)  * I -I 

IF  DEFAUI.T,  SKIP  TO  READ 

DO  90  J*1,NUMRES 
INDEXaRESTOUAUJ) 

60  tFIDATVECUNOeX)  ,£0.0!:FLT)  GO  TO  90 
C4tP0INT»IDATUEC(CAteGCHYl 
II  ■ II  * 1 

IF|II,UT,200)  UR!TE(42,900>  ;HEADER(1)i  ANSUE,  DATVEC 1 16) i CATPOINT 
980  F0RMAT(I4.I2iF6,2.|3) 


C 

c ADO  THE  CONTRlBUtiCN  OF  THIS  DATA 

C VEC.T0R.  TO  'STDEV'.'MEaN'  AND  'NCASES' 

c 

STDEVIANGUS,  J.CATPCINT  JeSTDSVI  angle,  J,CATP0I:ST)*DATVEC(  INDEX  l••2 
HEANIANGLE,  J.CATFOT  NT)  sMEANi  angle, .J,€ATFOINT)«fATVSC(  INDEX): 
eo  NCASEStANGLE,,J,CArP0INT)».NCAS6S(ANqLE,J,CATP0|NT)*l 
98  CONTINUE 
00  TO  40 


COMPUTE  AND  PRINT  OUT  RESULTS 

100  Od  120  I»1,NUMAN0 

URTTE(5.951)  ■UBACER.  COMA‘IG(I) 

951  FORMAT!  1.H1//4X,  10*6  I lax,  l2, 1 /'.  12 I2///4X,,' THE  .COMMAND  ANGLE  N 
1U“8ER  IS', 12) 

DO  120  JsliNUMRES 
HRlTE(6i952)  RESIDUAL! J) 


952  F0HMAT(1H0X//T5, 'THE  component  NUMEER.  IS 1 3///T5 , 'CATEGORY ' ,T24  , 

1 : *R  H S DEVIATION' ,T49, 'MEAN t,T62i 'NUMaER  OF  CASES') 

CO  120  K»,i,NUMCAT 
|F(NCaSES(I,J,:K),EO.OI  GO  TO  120 

STDEVll  . J,K)sS.lRT(STC  = V(I,  J,K)/FLOaT<NcaSES|I,J,K:>I|  : 

MEANM,  J,K)aMfi.N(  I,  J,K)/FL04T(:NCASSSH,J,K)  ): 

WRITE<6.953)  KiSTDEVn  . J,K):,HEAN<I  ,J,K),NCASes(I,J,KI 

953  F0RMAT(Ta,l2,T27,F3.5tT47«FS,5,T6a, 131 

120'  continue  . : " : : : 

RETURN 

END 
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c 

c 

c 

c 

c 

e 

c 

c 

c 

c 

c 

c 

c 

c 

c 

z 

c 

G 

c 

c 

c 

c 

c 

Ci 

c 

c 

c 

c 


c 

c 

c 


5 


c 


SUBROUTINE  rHEHFCRM<NAKE,C0HPNT,S|26#NUHCHPTi  ) 


PURPOSE 


TO  READ  IN  FREE  FORMAT  INTEGER 
AND  convert  it  TO  INTEGER  ARRAYS 


ARRAYS  FRfH  DATA  CARDS 


data  CAROS  should  BE  PUNCHED  AS  fOULO^Sf 
COL  a-13  6 character  Name 

COL  16-80  INTEGER  VALUES  Sr?A-iTED  9Y  COMMAS, 
DO  NOT  INCLUDE  A TRAILING  CQMMAj 

INPUT  ARGUMENTS 

SIZE  dimensioned  SIZE  OF  array 
OUTPUT  ARGUMENTS 


NAME 

CQMPNT 

EOF 


6 character  alphanumeric  NA^E 

array  containing  the  integer  Va^.ES,  THE  VALUES 

are  stored  in  order  as  read  fpc-  ^ eft  to  right  on 

THE  DATA  cards,  THEY  ARE  STORE:  If  THE  TOP  OF  THE 

array, 

EOr«l,  IF  END  OF  F ILE  ENCOUNTprc j . oTHERWI SE  E0F«0 


INTEGiR  0UNK/(  t/,IcH*fl<«5),SI2E,::'^PNr(SI2E), 

1 IFACT/OlOnOOOnOOOO/iEOF  * 

character  MAHE*6 


INITlAiJZE  COUNTESS  iSD  ARRAY  TO  ZERO, 

tOlG.o  ' 

EOF»0 

DO  5 t»l,SIZE 

COMPNT{I)»0 

NUHCHPT»StZE 

iNPUT  data  card 

REaD(5i901iENDsS0)  NA«E»  ICHAR 
F0RMAT«7x,A6,2X,65Ai) 


DO  20  !«ltA5 
R»64-| 


PROCESS  THE  card  !“a3S  9V  SCANNING 
from  right  to  left, 


FAQE  I 
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p>cie 


2 


IGNORE  8tiNK 

ir<!CHARrK)4EQ, BLANK)  CO  TO  20 

\r  N0N-9UANK  CHARiCTEJ?  IS  A COHHA,  A rVLL 
INTBCER  H4S  BEEN  SCANNED,  HOVE  POINTER 

and  reset  idig, 

!f  (ICWAR(K)  .NE.COHMA)  GO  TO  lO  : 

NUMCMRTsNUPCHPTf*! 

IDIC»0 
00  TO  20 

ir  non-blank  CHARACTEd  IS  A N‘UH9€R|  ADD 
TWE  CONTRIBUTION  Of  TwIS  DIGIT  TO  THE 
CURRENT  iNTEriEP,  BL'Mp  DIGIT  COUNtER, 

10  COKPNT<NUMCHPT)«CO«PNT(NUMCMPT)*ICHAR<K>/IPACT*10**IDIC 
lOIOalDlG^X 
20  CONTINUE 

COHPUTE  NUMCMPT,  If  NUHCJ-PT  IS  LESS 
THAN  SIZE#  HOVE  OATA  TO  TOP  OF  ARRAY, 

numchpt=s  I ze-nuhcm;pt^i 
WRITE(42|8C0)  CGMPNT 
800  F0«HAT(5i5) 

ir<NUHCMPT.E0v5I7.S)  RETURN 
DO  30  |51#Numc>»PT 

30  C0HPNTU)«COHPMn  ^SUfc-NUHCfirf  j 

RETURN 


IF  END  OF  FILE  FLAG#  SET  EOFal 


40  EOFaJ, 
RETURN 
END 
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o ci  n o o 


CACOf^.H  aUTO-CORRELATION  ruNCTiON  cVALUATlON  (MAINLINE) 

pate  6/1/75 

AUTHOP  BIRGER 


C 

C 


C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


PURPOSE 


TMtS  PROGRAM  PROVIDES  tHH  ARGUMENTS  )^0R  JUB  aUTO-COBRELAT ION 
SU9R0UT1NF<AUTC0R)^  THE  USER  PROVIDES  AS  DATA  CARDS  THE 
command  angle  numbers  and  COMPONEf^T  NUMBERS,  THIS  PROGRAM 
WILL  CALL  AUTCOR  WITH  EVERY  ANGLc-COMoO.Ncv.t  COMBINATION 
POSSIBLE,  IN  ADUITJON,  THIS  ROUTINE  READS  THE  HASTER 
HEADER  AND  SUPPLIES  THE  NUMBER  OR  LGRRS  PtR  RECORD ( HDPRD ) , 
THIS  ROUTINE  assumes  A TRANGEN  ACTIVITY  UuICH  STORES  THE 
residuals  IN  the  components  SPECIPIEQ  ON  THE  COMPONENT 

selector  capo, 


C 

C 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


DATA  CAROS 

COHHANO  angles  CONTROL  CARD 
COL  6-13  COmANG 

COL  16-80  (THE command  ANGLE  NUMsCR(S),  THESE 
should  BP  TREE  FORMAT  INTEGERS  WITH 
different  angles  SEPApaTSD  by  COMMASt 
DO  NOT  INCLUDE  A C0«ma  Af^ER  THE  LAST 

ANGLEi  A MAXIMUM  OF  5 angles  ARE  ALLOHEDiT 


2)  COMPONENT  SELECTOR  CARD 
COL  6-13  COmRNT 

col  16-60  (THE  COMPONENT  nUMRER(S)  SELECTED,  THESE 

shoulo  be  free  for'^at  integers  with 

different  COMPONENTS  scPARaTED  BV  COMKaS, 

00  not  INCLUOc  a comma  AFTER  THE  LAST 
COMPONENT  NUMBER,  A “Axihuh  gF  lO 
COMPONENTS  ARE  AULOWED;) 


•••NOTE»»» 


THE  command  angle  CARD  AND  COMPONENT  CARD  SHOULD  BE 
IN  PAIRS,  THE  COMMAND  angle  CAPO  MUST  3E  *^IRST, 


ci  n ocinnooo  no  oooon  ooono 


PAGE 


2 


DECK  SET-UP 


<TRANSr.ENRATION  ACTlVny  TO  STORE  RESiaUAUS) 


* I OPTION  FORTRAN, NOM*p 

(object  DECKS  FOR  aUTOCORREU  AT  I ON  EVaHJATION  — 
ACOH.KKAINLINE).  FRcEFORK,  and  AUTCOR  SUBROUTINE) 
i EXECUTE 

f tIMITS  3,UK,  ,5K 

S FILE  02i02S 

% FILE  03i03S 

COMANC  Xl«X2.., ,,X5 

COMPNT  YX«T2»V3,;,.,V15 


ISUBSeoUENT  ACTIVITIES) 


C 


c 


c 

^ U ♦ p * f C e w 4 M c • * 

INTEGER  COMANGO), COMPNTI10),VOPRD,TITLEUO)iDaTEI3). 
1 SEGFUAG/'O/.EOF 

c 

c 

SET  UP  ERROR  CVERRIOs  FOR  PROCESSING 

c 

DOUBLE  EOF  MARK,  REMIND  FILES  TO  TOP, 

c 

CALL  FXOPTIBB, 1,1,1) 
CALL  FXALTIUaO) 
REHtN0<02) 

c 

HEWIN0I03) 

c 

lfIl.E.3 

c 

c 

INPUT  NEXT  DATA  CARD,  LEAVE  INTEGER 

c 

Values  in  compnt<i>; 

c 

to 

CAli  rRE6rORM(NAK6,CO 

.'‘PNT,10,NUMCHPT,E0F) 

c 

c 

IF  NO  MORE  COmMAMO  ANGLE  OR  COMPONENT 

c 

CARDS,  STOP, 

c 

ir(EQF,Ne,0)  STOP 
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RAISE 


C 

C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


If  THIS  IS  A fCOMANGJ  CARD,  TRANSrER 
VAUUBS  TO  COMANGU),  tSCRrH&NT  * SSOrU  AG « , 


ir  INAME,EQ,’CCHPNTV)  GO  TO  35 

00  20  t=i,5 

20  COMANGn)«COMPMT<t) 
NUMANGrNUHCMPT 
SEQFLAG^SEnfiAGn 
GO  TO  35 


3b  SEOrWACPSEOFUAGf i 


ir  THIS  IS  A »COMPNT*  CARD,  DECRSHENT 
tSEOrtAGf, 


TEST  ’SEOFIAG*.  ir  r^=  value  !S  MOT  VO » 
OR  a»,  THE  DATA  CAR:5  APE  IN  AM  ORDER 
that  is  not  PR0C£SS!3.S,  IF  ERROR. 
TRANSFER  TO  PRINT  E-^CR  MESSAGE  And 
terminate  execution. 


3|5  IF  (SEOFtAG'LT.O.OR.SECFiAG.GT.l)  GO  TO  12C 


PICK  UP  VCOMPNTV,  IF  IT  HAS  NOT  SEEN  READ 


IFISEOFUAQ.EO.I)  GO  TO  10 


PROCESS  ANGUe.COMOOVEvT  PAJRS 


READ  master  header,  S’ORE  NUMBER  OF  WORDS 
PER  RECORD  IN  WDPRD, 


T 

950 


RB*0(02»END»lflS)  1 1 TUE ,DAT;E,NUMHeD, WDPRD  , 
WRITe(6.93£l:-)  t!n.SiDiTE 
rORMAT<lHlilOAe,10X.  12.  'V',I2|  V,  12//) 


COMPUTE  AND  EVALHiTE  SUTO-CORPEI.AT JON 
FUNCTION  FOR  THIS  HAS'ER  HEAPER, 


BO 


CALL  AUTC0R<C0HANQmiC0MPNT,NUMCMPt,WpPR2,  lr;,s) 

CALL  FCLOSSIOE) 

REaD(03.EMD«30) 

CALL  FCIOSEIOJ) 


CO  TO  60 


process  next  master  -SAOER ( IF  kHI ) 


MOVE  TO  TOP  OF  FtLES 


c 

c 

c 

c 


100  REWIND(02) 
REX|NDCa.3.): 


PROCESS  THE  NEXT  :OH-»SD  ANQLE;  JF  ALL 
ancles  WAVE  SEEN  PRO'SSSEDi  STOP,  ; 


IF{1,LE*NUMANG)  GO  TO  60 
GO  TO  10. 

HI  FOHHATt’»**ERROR»»»  IMPROPER  DATA  CAPO  SEQUEs:E--£xECUTiON  TERMINA 
ITEOI) 

STOP 

END 


PACE 
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r^LTrnR  AUT0-CnR?5El AT ! ON  FUNCTION  GVALUATIQN  POUT^E 

^ ^ subroutine  AUTCOR(COMAV>G,COMPNT,NUKCMPT,WDPRp,int£) 


PURPOSE 


iaUTCOR'  EVALUST65  T^R  AUTQ-CCRRElAT I ON  r 

regression  residuals  for  a pooled  Sample 

fAUTCOR*  EXPECTS  F1LE»02’  TO  ?G  POSITIO-VE 
header  OF  THE  POOLED  SAMPLEtMASTER  HEADER 
HAVE  SS6N  PROCESSED)^ 


serins  or  the 

F :aTa  Segments, 
;7  THE  first 
S'^OJLO  already 


input  arguments 


COHA^^G 

COMPNT 

NUMCMPT  -- 
HDPRD 

IFILE 


THE  command  angle  number  rc  S£  SELCETED 
THE  ARRAY  CONTAINING  THE  eDMPCScNTS  TO  BE 
SELECTED; 

number  of  COMPONENTS  TO  ==  USED 

number  of  words  per  record  o>"  the  data 

VECTORS,  tMASTER  HEADER  -ORD  15I 
SPECIFIES  INPUT  FILE  FOR  OATA  VECTORS 


REAL  RESIOUAL(l0.35),OATVECa5O),RESPRO(;0,16),-EAN(l0?> 

^INTEGER  COMAMG i COmPNT  < lO ) # WpPPD » PO I NT iSER I AL i HEAD  < l2 ) » T ITLE  <10 ) f 
1 N(10 .16) I D0Y,DATS£Q,CTNXLR 

equivalence  < T ITLE(  1 ) • DATVEC(  I ) I • (HEADU)  . DAT y EC  (11) ) 


initialize  R£SPR0<1|J)|N(1|J)|  AND 
MEAN(I)  to  ZERO 

00  20  lai.NUHCHPT 
MEaNM  ) = 0 
DO  20  J 3 1,16 
RESPHOI I|J)*0 

20  N( lrJ)«0 

input  NEXT  header.  S*0RE  the  nU‘^5ER  OF 
DATA  REGORDS(NUMREC)  eCPR ESPOND I NG  TO 
THIS  header  to  be  REA;rPOH  *G3» 


C 

40 


C 

/• 

w 

c 


c 


READ(02»E^iD»ZCO)  DOt » D*TSEG , HOCE  i NOLDWD  i NUMPeC  i -EiC » T I Tl.6 

BUIID  TKP  RESIDUAL  T.llE 

>(UHflES*8 

assign  CTCNLR  T0:55  ;r  .'*0SE!5(CTNCLyBVi. 
CTHERWiSE  ASSIGNCTNCl-  *0  40 

ASSIGN  65  TO  CTNCLR 
ir(MOOE,EO*5)  ASSIGN  »2  TO  CtNCLR 
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DO  65  V®1»NU.HREC 

JMPUT  1 DATA  :VECT:r,  if  wrong  MMIAND 
ASGL6  NUH5En,  SXTR  PROCESSiNG  THIS, ANGLE, 

READUFILE)  S£R I AL,  < OATVEC ( K ) , K»2, WDPR2  ) 

Jf {SERIAL^VOOgpOOOO.fib.CONANOl  u5  TO  65 

store  residual  IN  NEy,T  LOCATION  or 

residual  TAELs, 

NUMR6S«NUMRES*1 
DO  60  I»1,NUMCMPT 

iNoex»coMPNTn » 

RESIDUaLU  iNUmRES)5DATVEC(  INDEX) 

ir  NOT  default,  ADS:  value  to  mean 

IFjDATVECdNDEX)  ,NE.DEFLTIHEAN{  I 1«HEAN(  I >*DATVECMNDEX> 

60  continue 

GO  TO  CTNCLR»<62,65) 

ADO  default  LINE  FOR  CTNCL/R 

62  NUilRES»NUHHES»l 
DO  64  lsl,N'jNCNPT 
64  RESIOUaUI,NUNRES!»DEFLT 
65  continue 

process  this  residual  table, 

DO  160  P01NT»1,16 

SET  J enUAL  to  the  LAO  distance  TO  BE 

eVALUATCD  OURINO  THIS  PASS;  HOVE  TO  TOP 
• OF  table 


J»POINT-l  ' ' ' 

IF  WE  ARE  still  in  THR  TABLf,  PROCESS 
THIS  PAIR,  CTHERUISE,  SKIP  TO  INCREMENT 

■'■  LAO,,  .distance.,  ■ 

100  IF( I*J-NUnRESI  12O»12O|l60  ^ 

120  DO  130  ICOMPsi.NUMCMPT 

DROP  this  PAIR  IF  default 

I F ( RES  I DUAL ( 1 COMP , I ) , Efl , DEFLT , OR ; RESIDUAL  1 1 COnp , I ♦ J ) * EQ  VDEFLT ) 

1 'go  TO  "l30 


oo  oo  ooo  ooo  ooo 


ADO  THIS  PRODUCT  AT  THE  APPHOPHUTE 
LAG  DISTANCE, 


RESPHonCQHP.POIHT  J»RESPR0(  tCOMP,PQINT)+RESlDUAL(  ICChP,  t )• 

i - ' RESlDUAUlCOMPil.JI 

NHCOHP,POINT)»hncOMP,POlMT)*l 
130  CONTINUE 

HOVE  DOWN  TABLE 

140  I»l*l 

GO  TO  100 

160  continue 

SKIP  TO  PROCESS  NEXT  HEADER 

GO  TO  40 


COHPUTE  AND  OUTPUT  PlNAL  VALUES 


991 


200  DO  220  I»1,NU»CHPT 

gRllTE(6.950)  CPHANG,COHPNTfI|  ' „ 

95q  FORMAT(1HO» tTUg  command  ANGLE  number  IS  '»I1//1X| 'THE  COMPONENT  NU 
IHBER  is  '.12) 

MEAN!  I I*MEAN::(  I:V/FL0AT«N<  I »ll  > 

rORMAT(  lHoHTHg*:HeU  VALUE  OP  the  residual  is  'iFS,4///l 
HRITE(6.952) 

T OmMaTUMUj  iLAU  Ulb  fAnCt' t r20» ’UOKHELAT  lUN  fUNCT  ION' ( '471  ^ 

t (CORRELATION  COEPPICIENT' iTTT, 'NUMBER  OP  CASES'! 

OO;  220  jal.l6  : / . 

CORPUNC*RESPRO( 1. J)/PU0AT(N{ 1 , J) ) 

IPUtEO.i)  COSfLAOOsCORFUNCI 

CORCOFPsCQHPUNO/COEPLAGO 

LAGDISTsj-1 

HRITE(6i953)  LACDlSTi  CORPUNCi  CORCOEPi  N<I,J) 

993  P0RMAT«6x,  I2,T27,P7,4|T55|P7'.4,T93#  131 

220  continue 
return 

END 
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P»Sf 


CHAKUK  HAXIHUM  UKELtrtOOO  ESTIMATOR  FOR  SKYLAS  : 

PURPOSE 

THIS  PROGRAM  IS  AN  ADAPTATION  OF  T^S  Nc._- 
ALOORITHM  found  on  PAGES  29a-30B  CF'O'’':'-; 
IN  FORTRANt*  this  TSCHNlOUe  IS  USED  TO  r ; 
tlXUl'^OOD  ESTIMATPS  of  SEGRFSSIO’!  COE'FI;; 

deviations  of  different  categories,  and 

COEFFICIENTS  FOR  A NON-UINEAR  MODEL  QF  rj-, 

THE  opening  SECTION  and  THE  CAST  4 CARDS  . 
TO  interface  WITH  THE  STANDARD  SKYUAS  OCEj 
THIS  PROGRAM  PRESUPPOSES  A TRANSOSMERaT I :• 

DATA  CARDS 

1)  command  AMGuS  control  CARD 
COL  8-X3  COMANO 

COL  14»80  <THE  command  angle  NUMBERS  ; 

DONOT  INCLUDE  A TRAILING  c; 
OF  FIVE  command  angles  -AY  I 

2»  COMPONENT  SELECTOR  CARD 
COL  8-13  COMPNT 

COL  16-80  ITHE  COMPONENTS  OF  THE  DATA 
FOR  THE  REGRESSION  MODE-.,  ’ 
ORDER  WITH  THE  ADDRESS  ?f 
XliX2,X3,  these  should  BE  ' 
commas  with  no  fRAlLif-U  ONv- 

3 VARIABLES  MAY  BE  USED  IN  , 

3)  NUMBER  OF  CORRELATION  CCEFFICIENTS 
COL  8-13  COHCOEF 

COL  16-17  number  of  CORRELATION  COSFF 

4)  CATEGORY  SPECIFICATION  CARD 
COL  8-13  CATGOR 

COL  16-80  <T>lo  INTEGERS  SEPaRaTEO  BY 

integer  is  the  address  of  • 

INl;0fiM:ATION  Ik-  THE  DATA  VEC 
INTEGER  IS  THE  HUMBER  OF  Ca 

problem, 

5)  ONE  CARD  containing  THE  MAXIMUM  NU“EE^ 
THE  NUMBER  0?  1TEPATICN3  TO  96  SKlPps 
THE;  SIMPLEXa-FORMaT  6110 

6l  the  rest  of  the  data  CARDS  ARE  EXACT-. 
THE  manual  FOR  THIS  ALGORITHM,  TmE  r 

the  values  FOR  INITIAL  ESTIMATES  “js- 
QROERI  REGRESSION  VALUES,  STANDARD  DE 


ATA 


ER  sNO  MEADE 

2ATI0N  techniques 
: the  maximum 

ENTS,  STANDARD 
sSeuATION 
3 estimates, 

aVE  BEEN  ADDED 
NOGRAPHIC  files, 

, ACTIVITT, 


SPaRATED  BY  COMMAS, 
-“A,  A MAXIMUM  OF 
E SOECIFIEOJ 


VECTOR  TO  BE  USED 
’-S3E  SHOULD  BE  IN 
:j10(W)  FIRST,  THEN 
iEPARAfED  BY 

•I,  A lAXiMUM  Ui- 

iDDlTION  TO  LOGIO(W) 


:C1EnTS(I2  FORMAT) 


1 cci“A,  the  first 
rs  category 
•CR.  the  SECOND 
•EOORtcS  IN  THIS 


= OF  iterations  and 
: BETWEEN  PRINTING 


» AS  DESCRIBED  IN 
:R“AT  IS  8<aX,F8,5) 
;£  INPUT  IN  THIS 
VIATICNSIIN 


300 


Olono  ooooo  cioo 


iSCEKDIKG  OaDER  8Y  CATSCiOay  NUMBER)  ,c5efiEL*TION  COEFFl- 
TION  CO£FFIClENTS<  IN  ORBEE  OF  IMCflEASt'.G  U*G  CISTANCc) 

,A«SJTE»»»  The  total  ».Uh3ER  of  parametersu-iukser  cf  regression 

PARAFETERS  ♦ NUMBER  OR  CATEGORIES  . •|Um3£R  OF 
; correlation  COEFFICIENTS)  MUST  gc  i £SS  Tman  21. 

integer  C0MANG<5),ANGC0UNT,C0MPNT(«),TITLEtlC),DATE<3),  i 

. .■CPRSiCA’FGORYIE) 

'««»t  Xl2l.20)i)(CE*t(21.20)»XCON(21,20).XEX(21,2o),Z(21).XR6Fl21,20) 
ilUlVAUENCE  <CATL0C,CATEG0flYa>),INUMCAT»CATEGCRY(2n 

• SET.UP  ERROR  OVERRIDE  TO  PROCESS  DOUBLE 

; END  OF  file  hark,  REWIND  WORKING  FILES, 

* CALL  F)I0PT;( 85, 1,1,1) 

CALL  EXALMSIOO) 

REUIND(02) 

REkIN0(03) 

F»'  ■ 

C input  DATA  CARDS 

^ CALL  FREerQRrt(faM5,CQMANG,5,?iUMANG,IE0F) 

CALL  fPEeFCRM(?iAHE  ,C0HPNI  ,.4|NUHCHPT,  lEOF) 

PEAD(5,901)  NUMCOET 
FCRHAT(15Xi 12) 

CALL  FREEF0RH(\' AMH.  category  1 2#  NULL#  1 EOF) 

NREGPKAMsNWHCMpT 

NaNR£GPRAMi^NU')tCOEF>NU^CAT 

NPlsN*i 

40  A»lilCOu^  T 21  a.NijCOUnT 

NI*5 

^0«6 

REAOINI.OOI)  ITMAX.IPRINT 
001  format  OllO) 

INPUT  MASTER  HEADER 

40  REaO(02,END«100)  title, date, NUMHEaD.WDPRD 

Initial  call  to  subpcutihe  funci 
TO  input  the  data  ros  this  problem  and 
SET-UP  necessary  data  structures 

CALL,  FUNC1(C0maNG(aNGC0UVT»,C0mpmt,NUMCMPT,CATLCC,NUhcaT, 

1 NREGPRAH,NU“HEAD,NUmC0SF,WDPHD,N,NP1,X,Z) 


mainline  for  NELDER  and  i-lEAO  minimization  routine 

READ  INI.OOZ)  ALFA*  BETA,  GAM.  ACC,  A 
802  F0HHAT(8<2X,FS.5)) 

read  ini, 002)  IXIl.JI,  J*1,N) 


preceding  page  blank  not  PILMH) 
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0*(A/N»<2.»»,5)  )•(  (Mn.  ) 

P»<A/N»(2,*«.5n»(  ) 

M»N*1  1 

DO  130  J»2|M  i 

APst.  i;,  ■ 

DO  120  J»liN  ; 

AP»AP*1,  i 

im.ED.AP)  GO  TO  135 
X(I,J>*X(1,J)»0 
GO  TO  120 

135  X«tiJ)»X(l,J)*P 
126  CONTINUE 

130  continue 

tr«AuFA,eo;o. > alpa»i,  - 

tr(BgTA,BQ.0,)SETA»,5 
mOAN.EO.O,  )GAr<i2. 

IFIACC.EQ.O. )ACCs.D001  . 

WRITE  (NO, 003) 

003  format  <lHl,lOX,20HNeuDER  AND  MEAD  OPTIMIZATICS  ) ■ 

WRITE  (NO, 004) 

004  format  (/,2X,10KPARAMETERS  I 

WRITE  (NO,  005  ) N,  ACC,  ALFA,’  BETA,  GAH,  A 

005  FORMAT  (/,2X,4HN  a , 1 2 , 4X ,llHACCUR ACY  a:  F7, 4/2X , 8MAUPHA  a , 

1 F7,4,4X,7HRETA  a ,F7,A,  AX.OHGAMHA  » ,F7,4,4X,4WA  » ,F7,4> 

WRITE  (NO, 007) 

007  FORMAT  (//,10X,16HSTARTIN.G  SlMP(,lX  ) ' 

DO  140  tal ,nbi 

WRITE  (NO, 004)  (I,J,X(I,4),J»1,N) 

000  format  (/,2(1X,2HX(,  I2,.1H,  i I2,2M)a,F8,5)/4(lX.2HX! , I2,1H,  , 12, 

1 2M)a,F8.5)/4(lX,2HX(,I2,lH,,l2,2H)ajr8,5)) 

140  CONTINUE 
ITRaO 

DO  155  lal.NPl  ! 

CALL  FUnC  ( I ,X,2,N,NP1) 

155  CONTINUE 

150  ITRaiTR.i 

IFdTR.OS.ITMAX)  GO  TO  145 
IF  ( IPRIMT)  156,142*154. 

1^6  IFIITR-ITR/IPRINTilPRiNT)  142,158,162 
158  WRITE  (NO, 003)  iTR 

008  FORMAT  (//,2y.l7HITERATI0N  NUMBER  ,13) 

00  ISO  Jal.NPl  , i 

180  WRITE  (NO<004)(J,I.X(J,I>,I«1.N) 

WRITE  (NO, 009)  (1,2(1),  Ial,NPl) 

009  format  (/,3(2X,2MF(,I2,3H)  a,F12,3>> 

182  ZHlaZd) 

ZLOazIl) 

00  183  !t2.NPi 


OBIGWAU  MGB  M 

Ofvooug^ALim 
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UO  U«J  IJOO 


i»*oe 


« 


163 

ZHI»AMAX1<Z( I ) ,ZHI ) 
ZL0»AMINI(Z( 1 ) ,ZUO! 

DO  '165  1*1, -NPl 
IF  <ZHI,EO,Z<m  GO  T 

0 170 

165 

continue 

'X70 

K*l 

LOCATE  AND  Evaluate  centroid 

EN.N 

DO  ISO  J*1|N 
SUM»0, 

DO  175  1«1.NP1 
lr<K,EO, I ) on  TO  175 
SUM*  SUM*X(I,J) 

175  COMTINUe 
ISO  XCEN  (KiJJJSUh/SN 
. l»K 

C HR1TE<12.920)  (XCE'JtK,  J).  JsliN) 

980  rORMATCTHE  VaI.UES  OF  XGENt  ARE I'lO (F9, 5, 3X ) I 
CALL  FUNC  (l,XCE.').,Z:,N,HPt) 

ZCEMaZin 

SUM*fl,. 

DO  185  I»1,NP1 
IF  <K.60, n SO  TO  185 

CHECK  FOR  convergence;  STOP  Ir  CRITERIA 

;,;iS KET'f;. 

SuM*bUM*Ul  U'ZCEN  J*UU  )«ZCENI/EN 
CONTINUE 
EJ*S0RT(SUM) 

IF  (EJ.LT.ACO  go  to  998 

LOCATE  and  EVALUATE  reflected  POINT 


DO  190  J*1|N 

XRE;F(Ki  J)*XCEN(K,J)*ALFA*(XCEN(K,U)-X(K,J)  ) 
190  continue 
l»K! 

C 

CALL  FUNC  <I,XREF,Z,N,NP1) 

ZREF.ZI  1) 

DO  200  1*1, NPl  ^ 

IF  IZLO.EO.ZI  I ) >:  CO  TO  205 
800  CONTINUE 
,805  L»T 

IF  (ZREF.lEtZd))  GO  TO  240 
DO  207  I»liN 

807  IF«ZREF,LT;Z(n>  SO  TO  208 
SO  TO  215 

80S  DO  810  J*1.N 
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fASE 

216  *(K,J)sXR£F(H,J) 

ZHI»2REr 

»REF«l 

C 

c Locate  ano  evaluate  ceNTRACTED  point 

219  DO  220  Jsl.N 

228  XC0NtK.J)«XCEM«K,J»*8eTA«{X(K»J>-XCEN(Ki J)l 

CALL  FUNC  (I,XC0N,2,N,NF1J 
2C0N.ZM) 

IP  (ZC0n.lt, ZHI>  GO  TO  230 
IF(IflEFiEO.O)  GO  TO  223 
IREF.o 

i GO  TO  150 
223  00  228  1*1, N?i 

tPd.EO.U  GO  TO  228 
I DO  225  J*1,N 

229  X(I»J>»(X(  j,j)*X(l.,jJ)/2, 

CALL  PUNCH, X,Z,N,NPi) 

220  CONTINUE 
GO  TO  150 

230  00  235  J«1.N 
235  X(K,J>*XC0N(K,J) 

; GO  TO  150 
C 

c LOCATE  AND  EVALUATE  EXPANDED  POINT 

240  DO  245  Jsl.N 

249  XEX(K,J|»XCENl!<,J)*OAM»(XREF(K,J)-XCEN(K,  JH 
I«K 

CALL  FUNC  (I,XEX;z,N,NPl) 

Z6X»Z(I> 

IF(ZF.X.LT,Z(L))  GO  TO  299 
DO  250  J*1,N 
290  X(K,J)sXHEF(K,J) 

2(K)»ZR£F 
GO  TO  150 

299  DO  260  J«1,N 

240  X(K,J)*XSX<K, J) 

GO  TO  150 

149  write  (no, Oil)  ITNAX 

011  Format  (///,iox<20hoio  not  converge  in  »I5,iiw|terations,  > 

998  WRITE  (NO. 012)  ZlO 

012  Format  (//,2x,2ihoptimum  value  of  f « ,ei6,S) 

WRITE  (NO, 013) 

013  format  I//,2X,27H0PTIMUM  VALUES  QT  VARIABLES  ) 

DO  300  l»l,N 

300  WRITE  (NO, 014)  I,  X(NP1,I) 

014  format  |/,2X,2HX( , l2iAH)  . ,1PE14,8) 

CO  TO  40 

100  REW|ND(02) 


PAGE 


PBWIN0(03>  ^ 

|F(ANOCOUNT,N£,NL'MANG)  GO  TO  20 
STOP 
END  , 


OF  POOR 
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SUBROUTINE  PUM:i<C0MANf!,C0'<PNT,NUMCNPT,CATU3C,\UNC*TiN3EQ5' , iM, 
1 NUMHEAD,N.UNCOEF,WI!PfiD,NN,NPl,FARAi.Z) 


PACE  ±_ 


PURPOSE 

FUNCTIO''  FOR  A GIVEN  POINT; 

Iv*nAf!*c=m°T  ® PAPTITIONI'.G  T-£  CO^ARJANCE  NA.'wU 

bscause  there  is  no 

between  Data  segments,  The  v,\LUS  of  th= 
total  function  is  this  sum  AOBED  TCCETher  for  AU  of  the 
daTa  Segments i < The  inverse  of  the  veci'or  of  RESiouAUSii 

!lSf  OF  the  COVARTANCE  MA-RIX)* 

I (THE  VECTOR  OF  RESIOUaLS)  ♦ LCG.10(OF  THE  DETEHHINAVT 

OF  THE  COVARIANCE  MATRIX) 

In*f  efficiency  matrix  :PacKAGE  (H£HP  j 

TO  INVERT  THE  COVARIANCE  MATRIX  AND  CAICulATE  iTS  DETERMINANT 
THIS  SUBROUTINE  Has  Tp  ENTRY  POINTS  I f U*^»Cl  IS  CALLED  TO 

'sSl  ' rikl  r 

THE 

INPUT  ARGUMENTS 

COMaNG  • THE  .C5HMANP  angle  number  : 

COMpnt  • AN  array  containing  THE  A0D5PSSS  in  The  data 

VECTOR  OF:  THE  components  USE"  FOR  THE 
regression  PROSLEM,  these  "'jST  R£  in  ORCSHI 
1)  dependent,  VAR  I ABLE, ,2  > CC'.STANTa- Ao  , 3 1 COEFFl- 

Re:-IRE:C|:-^^  and  A3 

ARE  OPTIONAL  TO  BE  USED  IN  LARGER  MODELS, 

NUMCMPT  • NUMBER  OF  COMPONENTS  FROM  The  Data  VECTOR 

NEEDED  For  this  moDeu.i  ■ 

CATLOC  • location  Of  THE  CATEGORY  WITH JN  THE  DaTA  VECT®^ 


NUMcaT  • 

nregprah  • 


numhead 


numcoef 


NUMBER  OF  CATEOeRIES 

NUMBER:  DFi  REGRESSION  PARamE TERS ( IHI S |S  EODAL  To 
NUMBER  OF  COMPONENTS) 

number  Or  heaoeh.s(OATa  seghc»,ts)  used  for  this 

PROBLEM 

NUMBER  OF  CORRELTION  coefficients 

NUMBER  OF  WORDS  PER  RECCRO  I‘;  DATA  VECTOR 


OOOOOOOOMOOOOOOOOOOOOOUOOOOOOOOOOOOOOOOWOOOOUOOOOOO 


f*86  - 2 


NN  • 

Nl*i  • 

paHam  • 


number  of  PARAHETERS  for  EiCM  POINT  IN  THE 

simplex 

NUMiBER  OF  POINTS  IN  THE  SIhbi,EXINN*1> 

DATA  SIMPLEX 


OUTPUT  argument 

ZliNPl)  • FUNCTION  EVALU4TE0  AT  CALLING  POINT(RoN  OF 
data  SIMPLEX) 


INTERNAL  Variables 

category  • catpgorV  information  FOR  each  row  of  X 
covariance  matrix 

INPUT  DATA  VECTOR  OF  SKYLAB  DATA 
POINTER  TO  LAST  ELEMENT  OF  PREVIOUS  HEADER 

integer  address  of  DaTVEC 


coVar 
oaItvec 
endhe'ad 

lOATVEC 

M 

REjSlOUAL  • 
SCAN  • 

X • 


VECTOR  CONTAINING  THS  NUMSEr  OF*  USAeiE  SCANS 

IN  EACH  data  ‘jkO-ENT 

VECTOR  OF  REGRCSSIPN  RESIDIiaLS 

VECTOR  or  THE  SCAN'  NUH3ERS  CCRRESPONC I NO  TO 

TO  Each  rou  or  x and  each  =t£M6VT  or  y 

matrix  containing  one  COLUM  rOR  each  SCATTERIVG 
COEFFICIENT  US33  IN  JMS  RfeG:»sSSlON  PR03tE“, 

VECTOR  or  GROUND  TRUTH  WIND  ESTIMATES,  THESE 
eSTlMArES  SHOUl,D  0E  UOGtC  AS  THE  RESULT  OF  A 

trancen  activity 


DESCRIPTION  or  PARAMtlrJV 

each  ROH  OF  PaRAMM,J)  CONTAINS  T^^E  VALUES  FOR  aU  OF  THE 
PaRAHETEPS  C0RPESF0>*QING  to  0*E  POINT  I\  SIMPLEX.  THE 

Parameters  are  packeo  from  tvc  LErr  Enc^qf  each  in  ^ 

THIS  ORDEPI  DREGRcSStON  PARA^’ETERS#  2)STaNDaRO  i-EVlATiONS# 
3)  the  CCPRELATIOV  COEFF 5C IcNTS , THt  TOTAL  NU^B&R  OF 
PARAHETERS  HgsT  LcSS  THAN  21, 


IHPLICIT  integer (A-Z) 
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integer  NI20),  C4TEG0HYI2C01,  SCAS(290),  lDATVECaSO)i  HE*0ER<27), 
1 COHPNTrnj“C“oT) 

REAL  2(21),  Y(aOD)i  X(200.3),  DATAMATXi  20C  i 4 ) , 

1 COVARI'35,35),-fte5I0UAL(35),  SCRATCWt33j,  TEN?,  DETERHi 

S DeT’LT/0377777777?77/,9ATV£C(.l60) 

equivalence  ( MCCE, header (3 ) l ,<REStC'JAL,DATV6C,  [DAT VEC.SERIaL)  f 
1 «OA.IA«ATXa,,l),y(in, (DATAMATNfi, 2), XU, i)>, (SCRATCH, HEADER) 

INITIALIZE  HATRIX  DIHENSION  fOR  HEMP 

CALL  SErDIM(C0VAR,35,35)  • 

NHEAOaO 

l»fl 

ENSHEADaQ 


20  READ(O2.END«100)  HEADER* 

NHEAOaNHSAD*! 

READER  HEADER  FOR  NEXT  DATA  SEGMENT 
MEA0ER(55aNUMaER  OF  RECORDS  IN  THIS  DATA 

segment 

00  80  Ksi.HEAOERTS) 

READ  IN  DATA  VECTORS 

readics: i3ATv:::u5,JsLtH5PRD! 

IFlSERIAL/IOOnBOOOO.NtfCCHANO)  00^  Tq:  80 

IF  HRONS  command  angle  SKIP  TO  END 
OF  LOOP. 

I»in  ;■ 

STORE  VALUES  IF  NOT  default, ALSO 

SCAN  NUMaERs  and  eATEGORy  information, 

DO  AO  U=1 (NUMOMPT 
INDEXsCQMPNM J) 

IF(DATVeC(INDEX).Ea.DEFLT)  GO  TO  60 
40  DATAMaTXI  I FUlaDATVECCNDEX) 

CATEOORYd  )al:ATL?C(CATLCG) 

SfiAN(  I)  a (SEU  I AL-SFfilAL/lflSnaonOAlflrJ  00000  )710000 

HR1TE( 42,930)  SCAN! I), CATEGOfiYCI ),DATAHaTX(I ,1), DATAMATXI 1 ,2) 

980  F0RMAT(2X,2J4,12(F8,4,2X))  '* 

GO  TO  30 
AO  I»I-1 

80  continue 


STORE  NUMBER  OF  USABLE  SCANS  IN  Nil) 
SET  ENDMEAD  TO  POINT  TO  LAST  RpH 


o o oonnn  nooo  oo oo oo  tin  ono  oooo  o oo  ono  oooo 


PAOE  « 

N<NMEAD)»I-ENDH£*D 

ENDHEAD=I 

HBJTE{A2,980)  N(NHEAD) 

SKIP  TO  LOAD  data  FBJw  SeXT  SEGMENT  ' 

GO  TO  20 

CLOSE  DATA  FILES  AND  SsTURN 

too  CALL  FCLOSE<02» 

READ<03.END«110) 

110  CALL  FCLOSEJ03) 

RETURN 


ENTRY  FUNCnNPl,FARAH,2iNN,NPl) 

THIS  ENTRY  POINT  IS  USED  DURING  THE  ITcRA^'ON  PROCESS, 


INPUT  ARGUMENTS 

fNPl  • ROW  OF  PaHAM  to  BE  EV^UATeJ 

PARAM  • ADDRESS  Of  SIMPLEX 

I 

NN  • NUMheR  Or  PASiHiTCR: 

N*1  • number  of  POINTS 

OUTPUT  ARGUMENT 

ZIINPIJ*  evaluated  FUNCTION 

ENOHEAD»0 

Z{INPl>»0 

Scale  standard  deviatics  to  avoid 
underflow 

DO  180  I«liNUMCAT 

180  PARAMMNP1,NREGPRAM»  I J iPaRaMI  INPt  .SREGPRAM*|);,i;  , 

THIS  LOOP  HANDLES  Eac-  OaTA  SEGMENT  AS 
A partition,  each  3E3“EN^  IS  PROCESSED 
AND  THEN  ADDED  TO  Th;  = ESwlT  OF  pbS V I OuS 
SEGMENTS,  AT  THE  END  ^Hr  LOOP  ALL  OF 
THE  DATA  HAS  SEEN  PSOCESSSO., 

DO  500  HEADCNT*1,NUMHSaD 
IP(NIHEAOCNTJ,EO,0)  go  TO  500 
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fASt 

! 

calculate  the  RESIDOitS,  {THESE  *RE  ALSO 
SCALED, ) 

DO  220  l»l,N(HeADCNT> 

RESIDUAL! I )«0 
TEHP»PAHAM(  IkJPli  t) 

DO  200  J»l»NU'*C^PT-i 

200  TEHPsTeMP  + X(  I:»ENCWCAOiJ)«®ARaH(  J*1J 
220  RESIDUAL(n  = (;Y!l*ENDHfcAD)-TcHP)»lo,  ^ 

ZERO  OUT  covariance  P*tRIX 

DO  260  I»liN(HEACCNTI 
DO  260  J=1.N|NEACCNT) 

260  C0VARn.J)»d 

build  UP  THE  COVARJA.nCE  MATRIX 


DO  320  I«1»N(MEA0CNT) 

CATt»CATECORY( I»ENDHEAD) 

BUILD  UP  DIAOONAL  ELEHENT 

IP{I,E0.J>  C0VAP<I,J)»PARAMnNPl,CATI'fMREGSR*,'-|«»2 
300  J*J*1 

!PI  J,ST,N!HE*.5CA'T)  ) GO  Tn  320 

build  orr  DIAGONAL  elements 

LAC!DtST«SCAN(U‘E».DHEAD)-SCAN('I*EHDHEAD) 
ir<LAGCIST,GT,\'UMCOEr)  Go  TO  320 
CATJ»CA'fEGQRY(  J*Fv.>rHEAC) 

C0VAR< I . J)»PARAM( lNPltLAGDlST*ARcGPRAMANUMCAT)«PARAM( INPXi 
1 CATI*NRE0?RAm)»paRAm(INP1,CaTJ  + NSEGPPA,m) 

COVAR(J.I)»CCVAR(l,J) 

GO  TO  SCO 
320  J»I*1 


CaLL  hemp  TO  INVEST  TME  COVARIANCE 
MATRIX  AND  EVALUATE  MS  DETERHINANT 

CALL  HEMINVICOVAR, N(HEAOCNT) /SCRATCH I DETERhi 

::  COMPUTE  THE  VECTOR  Triple  PRODUCT 

00  420  JsiiNlHEADCNTJ 
TEMP»0 

DO  400  JsI.NIHEADCNT) 

400  TEMPsTEMP ♦RESIDUAL! li’CCVARlI ,J) 

420  Z(lNPi)»2! INB1)»TEHP»HESIDUAL<U> 


' PAGE  6 

i : : ■:  : : :SUM  PROOUCT  AND  LOGlO  OF  DBTERHlNANt  / ■ / 

* j!IAPl(«r<|\oi)*4LOd!DETERM) 

i ’ ■ : ■ ^ PRINT  WARNING  HESSAOS  IF  DETERMINANT'  is 

; LESS  than  OR  EOUAUT;  ZERO, 

* ■ i iriPETERM.LEtO  AH  :Z{21)  INPl,  meaDCNT,  OEtBRm 

l»:  rORMATI ' DETERMINANT  £HR0R**>CALL  ' i F3 , 1 , 4X,  ' R o.'I  . 1 2 .4X  , ' HEADER  ' j ■ 

; 12. 4X,  'VALUE  '.1PE16.4) 

■ tvOHlAD«ENDHEA0:*N(HEADCNT)' 

m:  . ....  

: , SCALE.  STANDARD  deviations  DOWN  TO 

c ■ I'nput.'values 

^ ■ 

S‘o'6:d'8:^?«LANUMCAT''. 

if;  PARAMflNPii'NREOPFAM^IlsPARAMlINPtiNRECPRAMtrMiO.^;^ 

■'  RETUR'i  ' 

END  ' ■ 
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c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 
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SUBROUTINE  INCaMG  ( S THETA , I COH. WS , S J GMAC.RS I GNa  ) 

JARLnONs'srU^  ANGUE 

SICMAC  <B)  r <C0|F^^  <WS)J.(*NGLE-TM6TA) 


definition  of  the  VAaiABLES 


COEFFIA.B.C)*  a is  ,1  for  INTERGEPT  TERH.  2 FoR  SLOPE  TERM 

SISMaCIDs  corrected  SigHa,  subscript  indicating  the 

SITM*  Ft.  PCILARTZATION  AS  DEFINED  A^DVE 

T'“"‘ 

MS  » HJND  speed 

" Decree”'’  '»•  and  i 

THeTa  = incident  angle 

...OLE..®.,, .«» '»E'&;TSi;f5oE‘tr'tiis?;;;i«s;;':;" 


IF  <ICCH.EQ.2>  ANGLE=43. 

IF  UCOH.EQ.3)  ANGLEalZ. 

IF  (ICOM.eO.A)  angle =17. 

IF  nCOM.EQ.5)  angles  1. 

IF(AeS(ANGL6-THETA),GT.2,.).  GO  TO  100 

DO  10  Ial.4 

IF  «S1GMA( I J.EQ.DEFLT)  GO  TO  200 
BSICHaU)  s <ANGLE-THETA>»(COEFF(t,I,ICOM).cOEFF{2,I,IcOM). 

STGMaC  <I)  s SICMAU)  * RSIGMa(I)  *UOG10(H5») 


PACE 


GO  To  10 

200 

SIGMAC(I)  s dEFLT 
:RSI0PA(1)  s DEFLT 

10 

continue 

GO  TO  300 

100 

DO  20  I = l«4 
RSIGMAIU  s deflt 

20 

SIGHAC  (I)  a DEFLT 

300 

Return 

END 
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subroutine  ASPCOR  <SIGMA,ASPAN5.WNDSP0, tCOM.SICMACiRSlGMA) 

C*SPC0R 


PAGE  1 


THE  subroutine  ASPCOR  CORRECTS  SIGMA  V*|.UES  FROM;  ASPECT  ANGLE 

variations, 

FOR  GIVEN  SCAN  NUMBER,  COMMAND  ANGLE  NUMBER t ICOM ) , aNQ 
hind  SPeEdIHNdSPq)  , THE  SlQMA  IS  cOReECTED  BT  FOLLOWING 
EQUATION 


SIGMAC  M)  s sigma  U)  * 0 IF  UNDSP0,LE.6.5  KNOTS 

» SIgHA  «D  * (cOEFF11.IiC>*COEFF<2.1*C)«UQG(KNo5PdM 
_ •RAANGLE) 

HHERE 

rtAANGl-E)  s 0,498-0.1916  COS(AANGLE>-0,4042  C0S(2»AANGLB» 
♦0.097a  C0S(A»AANGLE) 

AANGLE  a ASPECT  angle  IN  radians 


SIGMAC  (I)  s CORRECTED  SIGMA,  l=lFOfiVV,  lazrORHH, 
sigma  (I)  * UNCORRSCTED  SIGMa.  Isl  for  VV,  1*2  FOR  HH, 

So»5nA  tl/  • INCICD'IT  ANOLI  CO°®SCT»nN,  RuoSCRtPT  INUICATINO 

polarization  AS  Defined  ABOVE 

.C0EFF(A,B,C)  a coefficients,  a=1  for  the  constant  TERM, 
A»2  FOR  the  slope  term,  b indicates  the 

polarization  (9*1  For  VV.  B»2  for  hh. 

B>3  FOH  VH,  B=4  FOB  HV), 

C INCATES  command  angle  number,  1 FOR  SOI 
2 FOR  43,  3 for  32  DEGREESI, 

HNDSpD  Si  WIND  SPEED,  KNOTS 


DIMENSION:  SIGMA(4):,SIQMAC(4),C0EFF(2*4i3),RSIGMA(4) 
data  CC£FF/-5.269,6.:735,-4.96fe,  6. 379, -10 ,649. 13,268,-10. 449. 

• 13 , 248  , -5 , 1 06, 6 . 535 , -4 . 705.  6 .543, -10 . 627 , 13 .200  . -10 .627,13  - 200 , 

• -5,299,6.600,-5.257,6.615,-10,657.13.139.-10.657,13.139/ 

data  DEFLt70|77777777777/ 

IF  IaSPANG.EU.DEFLT)  go:  TO  100 
IF  <HNDSPD.EQ.DSFUT)  GO  TO  100 
IF  t ICON  .EQ.CEFLT):  GO  TO  100: 

IF  tlCQM,LT.1.0R. ICOM.GT.3)  GO  tOSO® 


AANGLE  «ASPANG«3, 14159/180 

Fa  0.493-0,19l4.C0S(AANQLe)-0,4042»COS(2.AAMGL<=) 

• ♦O,097a»COS(4«AA'|GLEI 
DO  10  Ial,4 

IF  (sioma(  I ) .Eo.oErLr.)  no  to  200 
IF  (HNCSPD,L£.6.5)  go’  TO  300  : 

I ! i * [CFEFF(l,l:.IC0M)tCQ5FF(2,  I ilCOMJ  *aLOO10  (HNDSPD)  »»F 
SIGMAC  ( I ) a SIGMAC I )*RSIGMA( I ) . . 

GO  Tq  10 

200  SIGMAC  ( I ) s DEFLT 


300 

10 

100 

20 
400 
60  0 

30 


RSIGMAC ! ) s DEFLT 
GO  TO  10 
SlGMACCl)  a 
RSIGMAC I ) a 

continue 

GO  TO  400 
DO  20  1=1,4 
RSIGMAC  I ) a 
SIgMaCCI)  a 
return 
DO  30  Ui;4 
RS10HA( Da 
SIGMACCI)  a 
RETURN 
END 


S IGMAC  I ) 

0.0 


DEFLT 

DEFL'r 


0.0 

sigma- 


D 
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SjeROUTl^E  ATM50(TH5TA.THtTAPV.T*?H.SAl,EV.EH.ATTEM 

This  R0UTi;ie  computes  the  polarized  EhISSIVIMES  *nd 
attenuation  at  5J  DSr,P.EE3  INCIDENT  ANGLEt  THE  INCIDENT 
angle  (THETa)  and  water  temperature  ITh)  ape  converted 
prom  degrees  to  radians  and  ppoh  degrees  centigrade^ 

TO  degrees  KELVIN  INTERNALLV,  THE  ROUTINE  ALSO  CHECKS  • 
THE  INPUT  ARGUMENTS  FOR  DEPAULT  VALUES,  SHOULD  THERE 
EXIST  ANY  defaulted  INPUT  PARAMETERS,  THE  ROUTINE 
HILL  RETURN  DEFAULT  VALUES  FOR  THE  CORRESPONDING 
OUTPUT-  PARAMETERS. 


input  parameters 

theta  0 incident -angle  (DEGI  

th  » hater  TeMPEHATURE  <DEG  C)  ^ 

TAPV  s vertical  apparent  temperature  (DEG  K) 

TAPH  » horizontal  apparent  temperature  (U£G  K) 

I SAL  = salinity  in  ppm 

OUTPUT  PaRaHETERS  ; 

6V  S VERTICAL  EMISSTVITY 
EH  s HORIZONTAL  EHISSIVITY 
ATTEN  a ATTENUATION  (PB) 

INTERNAL  HHICH  IS  SET  TO  DETERMINE  "HF.ThER  OR  NOT 

all  THE  OUTPUT  parameters  aRE  DEFiULTeD  FOR  THE 
50  degree  case,  when  IsO,  all  the  50  degree  CASE 
PARAMETERS  ARE  defaulted  AND  THERE  IS:  NO  NEED  TQ 

PERFORM  the  calculations  aT  ’hE  EVTRM  POINT_ATm._ 
WHEN  l-k,  mLL  the  O'JTruT  RaRAHETL"  VAuLco  F»'>  ige 
50  DEGREE  CASE  ARE  NOT  DEFAULT,  1 IS  RESET  T(J  1 
FOR  EACH  NEW  SCAN.  , 

RV.RH  a pOLARIZEl!  FRESNEL  COEFFTCIEN‘,S  ^ , 

gamma  = transmittance  at  50  DEGREES  IVCIUENT  ANGLe 
GAMANG  = THANSmITTANCE  at  other  U.ClDENCt  ANGLES 
TABARV/TASARH  = polarized  “EAN  aTmoSPherIc  TEMP, 
TVATiTHAT  = POLARIZED  ATMOSPHERIC  TEH?ERATUREb 
; T » ATMOSPHERIC  (JPAOI'TY 


C 

c 


COMPLEX  RV  ,RH  . 

data:  DEFLTU0377777777777/ 


DAT  A FREO, 

I F 1 1 HE  TA  , E Q . D E F L T . 0 R , T H £ Q . D E F L T , OR,  T a P V , E Q . D E F L T , 


OR, Sal, EG, BBFL 


TV 


IGO  TO  20 


convert  INSIORNT  angle  in  DEO  to  RADIANS 


ANCRAD»THETA/57.3 


Convert  hater  temperature  in  deg-  c to  deg  k 


THKaTH*273.la 


CALCULATE  THE  VERTICAL  EMlSSIVITY  FOR 
THE  ZERO  WIND  CASE 


CALL  D1EC0(FREQ,THK,SAL) 
CALL  FRESNeLTANGPAD. RV.RH) 
RVM2sRV»C0NJG<RV) 


O U U U ct  uu  u u o 


PACE  2 


EV-1-.-.RVM2  . 

calculate  vertical  BPIGHTNESS  temperature 

TBVsEV»7UK 

calculate  vertical  excess  TcMPfcRATURE 

tvex^tapv-tbv 

CALL  ATTE.NVITvEX, theta, GAHHA.aTTE'KT) 

CALL  TATM  (TV£X,GAH'1A,TWk,TAPV,TVAT,TA8ARV) 
iraAPH.EQ.DerLT)  GO  TO  10 

CALL  HEXCESSiTVEXf THEX)  ^ ^ 

calculate  horizontal  brightness  tehperature 
TBM=fAPH-THEX  ' 

calculate  horizontal  EHMlSlVlTY 

€H*T9H/TWK 

CaCL  TaTH  (THEX,GaMMa>THK,TaPH JHaT/TaBaPH) 

GO  TO  30 
10  EH?DErUT 
GO  TO  30 

20  EVTDEFLT  • 

EHtDEFLT 
ATTgNsOEFLT 

I-O  i 

30  return 

ENtHY  AtM(  tHEtA»,TW*TAPV»TAPH*Ev*.EH*  Att^N)  „ 

THIS  E'JTRY  point  CALCULATES  the  polarized 
EMISSIVITIES  and  the  ATTENUAnON  for  INCIDENT 

ancles  OTHER  Than  50  oeurees,  the  main  Routine 

IS  CALLED  ONCE  TO  DETERMINE  THE  POLARlZtU  HEaN 
aTHOSPHERIC  TEMPgRATUPES  (TARARV  AND  TASAfiH)  AND  THE 
aTHOSPHERIC  opacity  (TU  ruH  iHfcPO  ucGREc  A-C 

SINCE  these  arguments  'are  CONSTANT  aT  Ai.L  OT^cR 
INCIOENCS,  angles*  the  EMISSIVITIES  aNQ  aTTENUaTION 
M*V  BE  DSiTERMlNEO  FOR  ANT  INCIDENT  ANGLE, 

IftI*EO.O.OR.THBTA,EQ*PEFLT)  GO  TO  70 
ANCHAD-THETA/57.3 

S6«~».1./C0S,.,CR.=  . .«» 

CAHaNGsEXP  < -SHCANG^T ) 

ATTeNs-10. ♦ALOGIO(GAHANG) 

IF(TAPV.EQ,DEfLT.OR.TW,EQ.DEFLT)  SO  TO  40 
TMKsTW>273,18 

CALL  EPS  .<TA0ARV,TAPV,GAMANG.TWK,cV) 

GO  TO  50 
40  EV»DEFLT  : 

50  lFtTAPH,EO,DErLT.OR.TW,Ea.DEFLT)  GO  TO  60 
TWK=TWfZ73,18 

CALL  EPS  (TABARH.TAPH,GAMaNG*TWK.EH) 

GO  TO  8C 
60  EH»DEFLT 
GO  TO  80 
70  EV^DEFLT 
EHfDEFLT 


ATTcN=Dcr LT 
80  RETURN 

end 
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SOeROUTJNE  TRANSRgf  (TW.SAL»TH|;TA.ST0ANG,EV.eK,T3V=*eF,  rsHREf » 
This  routine  corrects  th=  RAoioMETci  utij.j'figHciuTs 

BV  TRAfJSLATlNG  The  BHJQHTfjeSS  TEMP  = fi»’' „ = £ TO  A 
REFEppcfc  SRIGHThEsS  TEMPeRATUSE  GaSEC  3‘-  290  DEGREE 
KELVIN  water  TEMPERArURc  AND  THE  STANDARD  ANUiE 

specified,  i 

INPUT  parameters 

tm  = Mater  temperature  < beg  o 

sal  = SALINITY  IN  PPM 
theta  = incident  angle  lOEGl 
STJ]ANG  = STA'IDARd  angle  (£eG) 
iV  8 VERTICAL  EMISSIVITY 

EH  * horizontal  HMIsilVlTY 

OOtpUT  PARAHET€RS 

TBVREF  s vertical  reference  temperature  (deg  K1 
TBHREF  “ horizontal  REFERENCE  TeMPcRiTURE  <qEG  X) 

data  FREO,TS/l3.9,290./ 

{^'Ey.EQ-OEFLT,AND.EH.EQ,DEFLT)  GO  TO  100 

incident  ANGLE  IN  DEG  to  radians 

SAPsSTDANG/57i3 
TMH»TH»273.la 


PAGE 


C0^|Vc*>T  5TA^'D^°0  iMrtnCfc-T  p 

IN  OEGHEES  to  RADIANS*  ’ 

CONVERT  MATER  TEMPERATURE  IN  DEG  C TO  CgG  K 


calculate  THE  FRESNEL  CCs'‘F|C1ENtS  AND 
1 the  ehissivitiss  at  tke  cell  mater 

4all  discoifreo.tmk.sal?"'’^"*'^’’^  dent  angle 

call  FHcSMSL<ANGHAD,RV,RH) 

PVM2sRV»CQNJG<HV) 

PHM2sRh«C0NJG<RH) 

6P5LVs1.-RvM2 
6PSLMs1,-RHM2  - 


dALL  OIECOIFReO.TS.SaL) 
CALL  FRESNELCSAR.RV.Rh) 
RVMG2sRV«CONJG(RV) 
PHMG2=RH.C0NJG<RH) 
6PSLNVs1,.RVH02 
EPSLNHsl.-PHMcS! 


CALCULATE  THE  FRESNEL  CO£FFlct£sTS  AND 
THE  EMISSIVITIES  AT  tp£  S'a'.DaMD  waTER 
temperature  (290  DEG  KSLvIN!  and  THE 
STANDARD  INCIDENT  ANGLE 


calculate  the  change  in  £“!SSIV;tt  OETseEN 


DkEV=EPSLNV-EPSLV  THE  STANDARD  AND  CELL  MATER  TEMpERATUPES 
OELEH=P.PSLNH-ePSLH 

ITIEV.EQ.DEFLT)  go  TO  REFEfiENCS  -mater  TEMP. 

ESVsEV*CELEV 
TBVREFsTS.ESV 
GO  to  60 
T8VREF=3EFlT 

IFIEH.EQ.deFlT)  GO  To  80 
ESHsEH*DELEH 

TBMREFsTS-ESH 
60  TO  200 
TBHREF^rEFLT 
GO  TO  200 
100  T0yREFr5EFLT 
T0HREF=CECLT 
200  RETURN 
END 


PAGE 


SO 

«0 


GO 
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C 

c 

c 

c 

c 

€ 

C 

C 

c 

c 
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SUBROUTINE  EPS (TK , TAPP . GAM ANG . TWR » ^ ^ ^u.cctutty 

This  routine  calculates  the  POLARIZc/J  EH|SSIV]TY 
GIVEN  INCIDENT  ANGLE  OTHER  THAN  50  DEGREES, 


AT  A 


INPUT  PARAMETERS^  MEAN  ATMOSPHERIC  TEMPERATURE 

TAPP  = POLARIlEO  apparent  TEMPERATURE  (DbO  K) 

gahaNg  = transmittance 

TWK  - water  temperature  (Deg  k> 

OUTPUT  PARAMETER 

E * POLARIZEU  EMISSJVITY 


tat;m=tk»(i.-gamanG) 

AsTAPP 

BjQAKANG 


c»tatm 

d*thk 

Ea(A-C»(B*i, )t2,7«B«0)/(B»XD-C-2.7*0>-C) 


return 

END 
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subroutine  HEXCESS(V.H) 

This  routine  calculates  the  hdrizostal  excess 
AS  A FUNCTION  OF  VERTICAL  EXCESS  TEMPERATURE. 


temperature 


INPUT  parameter 

V s VERTICAL  EXCESS  TEMPERATURgfOEGK) 
OUTPUT  PARAMETER 

^ H » HORIZONTA'-  EXCESS  TEMPERATURE  (DEG  K 


Hai.53132«V*.004A7»V»»?-. 0000B»V»*3 

RETURN 

END 
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SUBROUTINE  TATMCTEXSO;, GAMMA, TWK. TAPP.VATM55.TX)  , 

this  routine  CALCULATES  THE  POL ARI ZeO  ATMOSPHER I C 
temperature  aT  50  DEGREES  and  MEAN  aTMCISPHERIc  TEMP. 


input  parameters 

TEX50=  EXCESS  temperature  FOR, 50 

degrees  INCIDENT  ANGLE  (OEG  XV 

gamma  a tra,hsmittance  at  50  degrees  incident  angle 
THK  a water  temperature  (DEG  X)  , ^ . 

TAPP  a POLARIZED  apparent  temperature  (DfeOK) 

OUTPUT  j polarized  ATMOSPHERIC  TEMPERATURE  (DEO  R) 

TK  a POLARUeD  MeAN  ATMOSPHERIC  TgMPERATURE 


E50a(TAPP-TEX9'0)/THK 

AatEXSO 

BiSAMMA 

C*E50 

QsIUK  '■ 

t A T M 5 0 = < A - ( B « 1 . ) a C • D - 2 . 7 » 3 • B • (1 , " 0 ) ) / ( B a ( 1 , - C ) ♦ 1 , ) 
TNfTATMSO/(i.“GAMMA);:  / V 

return  ' 

END 
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subroutine  ATTENV  ( TVEX50, THETA. GAM50 , ATTN50 , T» 

this  ROUTPJE  CALCULATES  THE  ATTENUATICN.TRA-VSMtTTASEE, 
AND  OPACITY  a-T  50  DEGRESS  INCIDENT  ANGLE, 

INPUT  parameters 

TVEX50  = VERTICAL  EXCESS  temperature 

AT  50  DEGREES  INCIDENT  ANGLE  (DEG  K) 

theta  » incident  angle  IDEG) 

OUTPUT  parameters 

GAM50  » transmittance  AT  50  DEGREES 
ATTN50  = attenuation  AT  50  DEGREES  <03) 

T * ATMOSPHERIC  OPACITY 


X»TVEX50  I 

ATTN50s3,Ol7950335»X-0.00005559»X»»2tO,OOOOOA33X»X»«3 
GAM50510.»*<-ATTN50/10.  ) 

RA0»Th6TA/57.3 

SEC»1./C0S(RAD) 

Ts»<ALOG<GAH50»)/SEC 

RETURN 

END 


SUBROUTINE  FRESNEL < THE TA.RV.HH) 

this  ROUTINE  COMPUTES  THE  CLASSICAL 
FRESNEL  reflection  COEFPICIENTS  FOR  SEA  WATER, 

THIS  SUHROIJTINE  MUST  86  INITIALIZED  3v 
calling  the  secondary  entry  ROUTINE  dieco. 

THE  COMPLEX  permittivity  IS  COMPUTED  8Y  DIECO, 

ONCE  Having  computed  the  peRmittivit''  for  a particular 
freouency(Freq),  Water  temperatureiienp) , and 
SaLINITy(SAL).  FRESNEL  Hay  3E  CALLED  REPEATEDLY 
FOR  different  ANGLES(THETA), 

INPUT  PARAMETERS 

FR£0  » frequency  in  GHZ 
TEMP  - temperature (DEG  K) 

SAL  * Salinity  in  ppm 
theta  = incident  angle  (RADIANS) 
output  parameters 

rv  » vErt.  POL.  Fresnel  coefp.  (complex) 

RH  s HORT,  POL,  FRESNEL  COEFF.  (COMPLEX) 
dimension  E(2) 

EQUIVALENCE  (Ed), ESP) 

COMPLEX  ESP,cOST,S3.RV,Rh 
OAT*  PtO/0, 0314159265/ 

C0ST=CHPLX ( COS ( THETa ) . 0 . 0 ) 

SOsCSORT  ( ESP-CMPi.X(TriK THETA  ) ••2, 0 . 0 ) ) 
HVs(ESP»COST-SO)/(SSp.COST*SQ) 

RH=(C0ST-SQ)/(CCST»SQ) 

RETURN 

ENTRY  DlECO<FRHC}pTcHP,sAU 

this  entry  point  C0‘^PUTE3  THS  DIELECTRIC  CONSTANT 
FOR  SEA  water.  algo  BASSO  ON  PORTER‘5  WORK 
(SEE  S.T,  WU  and  A,K,  FUNG’S  REPORT  NASA  CR  2329)* 

CONVERT  SAUNITY  Tq  HORMAUTY  (SEE  STOGRYN  JfcEE 
HTT  aUG*  1971) 

S s SAL 

S»i(4.058E-09»S*1.205E-05)*S^l,707E^02)*S 
T?tEMP-273oa 
c I normalised  wavelength 

Ri=<i0,00l47*T-0.U)*T*3,38>(0.0173«T-0,52)*S)*FREO/3aN0 

c - 

R2s(Rl)*^1.96 
R1»R1*»  * 98 

6l2)=83.C-15.3«S-n,363»T 

D«1,0^2.0»RX*PIO*R2 

Ell)  = 4.8^E<2>*U.0*Rl»PID)/D 

S I G * ( 0 » 12 • T ^5  V 0 j » S • 0 , d 4 • f 

El2)3l8.0»SIG/rREO>E(2)*Rl7D 

return 

END 
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SUBROUTINE  CATCOR (HEiOFR.  IX <RECSl2Ei SCiN.COMi^Si IC*T » 

CCAT50R'  subroutine  TO  ASSIGN  OIRFERENT  CATcOORY  OESIGVAT  ONS 

author  BIRREP 

PURPOSE 

TmS  ROUTINE  RETURNS  THE  CATEGORY  FOR  A GIVEN  DATA  VECTOR 


INPUT  ARGUMENTS 
HEADER  • 


THE  ADDRESS  OF  YHE  FIRST  ELEMENT  IN  THE  HEADER 
OF  THIS  DATA  SEGMENT 


IX  • 
RECSIZE  • 
SCAN  • 

cohanq  • 

OUTPUT  ARGUHENT 

ICAT  • 


integer  data  vector 

NE'rl  RECORD  S.|ZE 

scan  number  of  this  data  vector 

COMMAND  angle  number  OF  THJS  DATA  VECTOR 


THE  INTEGER  VALUE  CF  THE  CaTEGCRV 
irATBll  WcaTHERSHIP  OR  AtRC?^AFT 

I ' 2!  SWIP  WITW  aN'IPMOMETcR  Of  KNOWN 

I;  SMIP  WITH  ANNiMOH&TE«^ 

4|  VISUAL  OBS£«VaTION 
9,  NO  SHIP  REPOr^T 
9|  HURRiCAWe 

INTEGER  HEA0ER<27)  #^^ECSlZE,tX(RECSIZ6)  #SCAN,C0HANG 

|F(HEAD6R( A) ,iT.29)  GO  TO  30 
ICAT*5 

DO  20  I-29i50,3 

Trnx(i)  ,iT,2)  GO  to  20 

1N|M<I)-1.LT.ICAT)  lCAT»lX(n-»l 

20  continue 

30  inHEADERIl)  •^Htt57,AND.HEADEH<l)  IP«E*245)  GO  TO  ^0 

lCAT-6 

RETUaN  ^ ^ 

40  GO  TO  80 

NCELL  « SCAN*<5-C0MANG) 

ICAT 3 5 

tr|NCELL.:GT.'5.AND..NCELL,LT.10>  ICAT'l 
RETURN  ^ , 

SO  lFiHEA0ER(l),NE,247)  00  TO  100 
JCATeS 
RETURN 


PAGE 


too  IF<HEADER(1 J ,NE.162>  GO  TO  120 
|CAT»5 

RETURN 
■ END 
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SUBROUTINE  FFT<XR,XI.YR.Y1.N> 


arguments 

INPUT 

- XR  — XR(M)  CONTAINS  TH£  REaL  COHPCNEV’S  OF  TH£  SANPlED 
function  to  be  TRANSFORHEn 

Xl  — XI('1>  CONTAINS  THE  IMAGINARY  COw^OnEnIS  OF  THE 

sampled  function  to  as  transfor'-e: 

N — NUMBER  OF  SAMPLE  POINTS,  TO  BE  TRANSFORMED 

o.mtput 

YR  YR(N)  CONTAINS  THE  REaL  COMPONENTS  OF  THE  FOLDED 
FREOUEMCY  Sp,EClfiUM 

n YI  (.'■)>  CONTAINS  THE  IMAGINARY  CCySQNENTS  OF  THE 

folded  .FREQUENCY  SPECTRUM 

NOTE  - XR  and  XI  HAVE  BEEN  DESTROYED  UPON  RE'JRN 


INTEGER  P( 15),  PRIME.  R(63),  ADRESSIisS 

dimension  XR(N.),  XI  IN),  YR(N),Y1  (N) 


C 

c 

c 


SPECIFY  prime  numbers  anO  zaPT 


data  R/Z, 3, 5, 7 1 11 » 13,17,19,23.29. 31, 37, a 1,43, 47, 53, 59, 61, 67,71,73, 

• to;  01 , 00  A 0 7 1 . 1 n / . i. 0 0 , t i < ? 7 > 1 T t . a V , 1 V . 1 4 0.  i *i  t . 

• .l57pi63  F 167  f173»  17*)#  199,2:1122*5,227, 229  A 

• 233p239#24l#25i,257f263p269#27i#277A2Sl»2=Jr29i,307/ 
data  TPl/6.2fl31853/ 


C 

C 

C 

c 


FIND  THE  M PRJME  NU**9  = »S  IN  N AND  STORE 
THEM  m P 


XI  li=0 
M»0 
Ni»N 

1 

mUB0.6A)  GO  TO  15 

2 IM(Nli/fm))*R(I)  Nl)  GO  TO  1 

M5M>1 

IFlFLOAt(Rn)>.GT,saRT(rUOATlNl))^0,001)  GO  TO  2 
TO  2 

3 irCNl ,EQ,1)  GO  TO  B 
15  HsM*l 

PiM)=Nl 
8 uNDiV^l 
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PAGE 


2 


C 

C 


c 

c 

c 

G 


c 

c 

c 

c 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


c 

c 

c 

c 

c 

c 


DO  EACH  IAVER 


DO  4 UAYERaitM 
PRIHE=R{LAYER) 

determ INc  NUMBER  AND  LENGTH  OF  TRAN^FORM'^ 
IN  THE  later 

NTRaNSzNDIV 

LTRANS-N/NTRANS 

DETEHHINS  the  number  and  length  or 

DIVISIONS  IN  LAYER 

NaiVaNDIV#P<LAYER> 

L01V*N/NDIV 

DO  each  transform 

DO  4 IsIjNTRANS 

determine  LOCATION  IMMEOIaTELY  BEFORE 
TRaNSFORH 

LOCl-U-l)*tTRANS 

GO  TROUGH  each  iNDEPeNDENT  PART  OF  THE 
TRANSFORM 

DO  10  Hsl.LDIV 

determine  first  location  in  iNOEPENGgNT 
>art 

L0C2sL0C1^K 

determine  EACH  TRANSFORM  ELeMENT  OF 
INDEPENDENT  PART 


DO  6 J-1»PRIME 

YRiJ>sO 

Ylij>=0 

add  components  forking  transform  ELgHENT 


00  6 L-IiPRTME 


determine  location  of  component 


LQC4sL0C2*<L-l)»LniV 
T HEX  h - T P 1 • < f L 0 A T a ) » 1 , ) • < 
Y R < J ) - Y R I J ) ♦ X P < LOG  4 ) • C OS ( 


fLOATT J) -1. )/FL0AT(PR IHE) 

THETAi>XIILOC4)iSlN(THETA5 
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uuu  uuu  uuu  oooo 


PAGE  9 


VHJ)  = yi(J)*XI<L0C4J»COS«THETA»-Xa(L0e4)#SlNtTHSTA) 

6 CONTINUE 


tWiDULE  independent  PART 

DO  10  j=i. prime 

PHI  = TPI.<FLOAT(K)-l,>»«rLOAT<JJ-l.)/ri.OATfLTRASS) 
i.0C3=LCCi*(J-.i).LBIV 

XB«LOC3)»VRU>»COS(PHI  )*ri  <J>*SIN<PHl ) 

XnL0C3)aYH  J>»C0S(PHI  )-yR(J)»SlN(PHr> 
to  CONTINUE 

4 CONTINUE 

UNSCRAMBtE  OUTPUT  IF  N ISN'T  PRIME 

IFtM.EQ.ll  GO  TO  5 

DO  12  KiliN 
KKfK-1 

GET  bit-reversed  REPRESENy aT IoN  OF  «K 

IVALUEsN 
DO  13  J=1.M 

|VALUE?|VALUE/P(JJ) 

IDIGIT'sKK/IValUE 
KKtKN-ICIGIT»1VALU£ 
t3  ADRESSUIrtDIGlT 

FIND  magnitude  of  THIS  3IT. REVERSED 
NUMBER*  ADRESS(U) 

IVALUE*! 

MAGsADRESSCtI 

Ml*H-l 

DO  14  J=1*,M1 
JJ*M-J*1 

|VAUUEsIVAUUS«P« JJ> 

14  MAG=HAG*A0R£SS( J«l)»IVAl.UE 
I»MAG*1 
YRtKIsXRI I ) 

YKKIsXK  I ) 

XlIttsO. 

12  CONTINUE 
RETURN 

5 DO  7 1=1, N 
yauisxRn ) 
yiu)=xi(i) 

XIU)  = 0. 

7 CONTINUE 
RETURN 
END 
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APPENDIX  E 


ADDiTIONAL  SCATTER GR-A,MS  OF  GROUND-TRUTH  WIND  SPEEDS 
AND  MICROWAVE  MEASUREMENTS  FROM  SL2  AND  SL3 

The  syfmbols  used  m fhe  following  scal'I-ergrams  Indicate  the  data  segments 
from  which  the  observoHons  came.  The  correspondence  between  symbols  and  the  data 
segihents  ore  as  follows; 


Symbol 

Segmen’' 

Symbol 

Segment 

A 

156-1 

G 

220-2 

B 

157-1 

H 

220-3 

C 

162-1 

' I ■ . 

220-4 

D 

216-1 

J 

245-2 • 

E 

216-2 

247-1 

F 

220-1 

L 

252-1 

Note:  A numeral  indicotes  the  number  of  multiple  observations  for  one  location  on 
a scattergra.m , The  data“segment  indication  Is  lost  in  such  cases. 
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GROUND-TRUTH  WIND  SPEED,  m/sec 


Figure  E.1.2.  ScaM-ergram  of  cr°u,,  al  50°  Incident  angle  versus  ground 
truth  wind  speed  using  logarithmic  scoles.  SL2  and  3 


GROUND-TRUTH  WIND  SPEE 


9P  ‘X^^3I^IiJ30^  0M133iXV0S 


Figure  E.  1,3.  Scgtfergram  of  cr  q*-  50°  incident  aigle  versus  ground 
truth  v/ind  speed  usmg  logarithmic  scales.  SL2  and  3 
data. 
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GROUND-TRUTH  WIND  SPEED,  n/sec 
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Figu-e  E J . 5.  Scqtl-ergrain  0'°yy  of  4^^^ 

t'ru*'H  \v^nd  spQsd  using  logarf^^  SL2  and 


GROUND-TRUTH  WIND  SPIED,  m/scc 
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Figure  E. 1.6.  Sco'tergram  of  <7°,^  of '43°  incident  oigle  versus  ground 
trufh  wind  speed  using  loga-tithmic  scales,  bL/  and  J 
^ data.  ■ ' 
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GROUND-mUTH  WIND  SPEED,  m/sec 


Figure  E.  1 .7. 


ScaHergra-n  of  d^yu  at  43°  incident  angle  versus  ground 
truth  wind  speed  using  1 ogarithmi  c seal  es . SL2  and  3 
data. , 


teltOOTCffilLITY  OP 

P0OB 


GROUND-TRUTH  WIND  SPEED,  m/sec 


GROUKD-TRUTH  W:.KD  SPEED,  Ta/sec 
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Figure  E . 1 . 9 « Scatiergra.n  of  ® yy  g *’  32  1 ne  1 deoi  ang I e yersus  ground 

logg'iihmiG  scoles.  $L2  and  3 

: da  fa. 
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igure  E.1.11.  Scal't'ergra'.T)  of  a y^,  a*"  32°  incidenf  angle  versus  ground 
tru‘h  wind  speed  using  logarit-h.-nlc  scales.  SL  2 and  3 
dafa. 
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GROUND-TRUTH  WIND  SPEED,  xa/sea 


•TRUTil  WIND  SPEED,  in/sec 


ap  ‘xs3iDiii200  DMiaaxxvos 

Figure  E.  1.13.  Scott’ergrcm  of  cr°yy  at  17°  ■nGiden*'  angle  versus  grouid 
trufh  wind  speed  using  logarifhmic  scoles.  SL2  and  3 
da-a. 


335 


GROUND-TRUTH  WIND  SPEED,  m/sec 
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’gu  e _,1, 14,  Scatte.gram  of  0 af  17  incident  qngie  versus  ground 
truih  Wind  speed  using  logarithmic  scales.  SL2  and  3 


data. 


ft^RODUGIBILIfy  OF  litF 

CiRlfeML  ?A§M  la  POm 


CROim-TRVm  Ulif)  speed,  m/sec 


GROUND-tRimi  mtm  speed,  m/sec 


GROUND-TRUTH  WIND  SPEED,  m/sec 
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Figure  E,  1 .17,  ScaHergram  of  o°yy  at  1°  incidert 

truth  wind  speed  using  logarithmic  seal e? , 5L2  end  3 
data. 


GROUND-TRUTH  WIND  SPEED,  m'sec 
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Figure  E.1.18.  ScaH'ergram  of  at  1°  incident  a^g!e  versus  ground 
truth  wind  speed  using  logarithmic  scales.  SL2  and  3 
data. 
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GROUND-TRUTH  WIND  SPEED,  m/seC 
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Figure  E.U19.  Scotl-ergram  of  0'°y^  of  1°  incidenf  angle  versus  ground 
trufh  wind  speed  using  logarithmic  scales.  SL2  and  3 


GROUND-TRUTH  WIND  SP2 


GROUND-TRUTH  WIND  SPEED,  m/sec 
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Figure  B«2,  l , SGi^^^erg^gllfl  of  o' \yy  50  incideiil’  angle  versus  ground 
trofh  wind  speed  using  loga-ifhmic  scales.  The  Sca’.'t’efing 
coeffigienfs  are  adjusied  to  upvsfind.  SL2  and  3 data. 
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ta/sec 
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Figure  E. 2.2.  Scaftergram  of  a°u-j  cif  50°  incidenf  angle  versus  ground 

truth  v/ind  speed  usTng  logarithmic  scales.  The  scaltering 

coefficients  are  adjusted  to  upwind . SL2  and  3 data . 
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GROUtlD-XRUaH  WIKD  SPEED,.-  la/ sec 


GROUND-TRUTH  WIND  SPEED,  m/sec 
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Figure  5 .2.4.  Scaf’tergrdiTi  of  at  50°  iticidenf  angle  versus  ground 
truth  wind  speed  using  logarithmic  scaUs.  The  scattering 
coefficients  are  ad ju  to  upwind,  SL2  and  3 data. 
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GROUJn)-TRinH  WIlH)  SREED,  m/sec 
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GROUND-TRUIH  WIND  SPEfiD,  m/s 
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Figure  E. 2.6.  ScaHergram  of  c a*  43*^  Incldenf  angle  versus  ground 
truf'h  wind  speed  using  logarithmic  sca'®^^^  The  •;ca‘tering 
coefficients  ore  adjusted  to  upwind.  SL  2 and  3 data. 
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GROUND-TRir.’H  WIND  SPEED,  m/sec 


Figure  E .2 ,7,  Sca^’fergrain  of  o y|_|  a*  43  incident  angle  versus  ground 
truth  wind  speed  usmg  logarithmic  scales.  The  scattering 
coefficients  are  adjusted  to  upwind.  SL2  and  3 data. 
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GROUND-TRUTH  VVJSD  SPEED,  ns/sec 
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GROUND -TRUTH  WIND  SPSKD  , m/  sec 
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fllgure  E.2 ,9.  ScaM’ergram  of  o°^  at  32°  inGlderlt  angle  ve“sus  ground 
truth  wind  speed  using  logarithmic  scales.  The  scattering 
coefficients  are  adjusted  to  upwind.  SL2  and  3 data. 
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GROUND-TRUTH  WIN)  SPEED,  m/sec 
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Figure  E, 2,  ID*  Scoi'tergraiTi  of  b"  i^i_j  ai  32^  incident  angle  versus  ground 
truth  wind  speed  using  I ogarlthmiG  scales.  The  scattering 
coefficients  are  adjusted  to  upwind.  SL2  and  3 data  . 
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GROUNO-TRUTH  WIND  SPEEC,  m/sec 
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Figure  E.2. 11 . ScoM’ergra’n  of  ct  32°  Incident  angle  versus  ground 

truth  wind  speed  using  logarithmic  scoles.  The  scattering 
coefficients  ore  adjusted  to  upwind.  SL2  and  3 da-q. 
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GROUND-TRUT.l  WIND  SPEED,  m/sec 


Figure  E. 2 » 12.  ScaHergram  of  cr  at  32  incident  Oiigle  versus  gr^ 

I ogarithrnic  scales.  The  scattering 
coefficients  are  odjysted  to  Ujswind.  SL2  and  3 data* 
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,3,1,  Scaltergram  of  a a*-  50°  incidenf  angle  versus  ground 
tru‘h  wind  speed  using  logarlfhinic  scales.  The  scoHering 
coefficients  are  adjusted  to  upwind  and  are  corrected  for 
atmospheric  effects.  SL2  and  3 data. 
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GROUND  -TRUTH  WIND  SPEED,  tn/sec 
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Figure  H.3.2.  Scort’ergrarn  of  a y,,  at  50  incldenr  angle  versus  ground 
trurh  v/ind  speed  dsing  loganfhmic  scoles.  The  scoffering 
coefficienN  are  adjusted  io  upwind  and  are  corrected  ^or 
atmospheric  effect's*  SL2  and  3 da'-a. 
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GR0UJ{D-7lttr,ai  WIND  SPEED,  m/s6c 


Figure  E*3.3.  Sco^hergra.T)  of  cr  yi^  of  50°  incident  angle  versus  grou'id 
frurh  wind  speed  usmg  logarithmic  scales.  The  scattering 
coefficients  are  adjusted  to  upwind  and  a.-e  corrected  for 
atmospheric  effects.  SL2  and  3 da‘’a. 
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GROUKD-raum  wind  speed,  m/sec 
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Figure  E.3.4.  Sco‘iergraTi  of  P"°.^y  at-  50°  incident  angle  versus  ground 

using  logarithinic  scaleSi  The  scattering 
coefficients  are  adjusted  to  upwind  and  a'e  corrected  for 

atmospheric  effects.  SL2  and  3 da»-a  , 
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GROUND-TRUTH  WIND  SPEED,  m/sec 


APPENDIX  F 


ADDITIONAL  SCATTERGPv^Mi)  OF  GROUND-TRUTH  WIND  SPEEDS 
AND  MICROWAVE  MEASUREMENTS  FROM  SL4 


The  symbols  used  In  the  following  scattergrams  indicate  the  data  segments 
from  which  the  observations  came.  The  correspondence  between  symbols  and  data 
segments  are  as  follows; 


i 


Symbol  ! 

Segment 

Symbol 

Segmen 

A 

6-21  , I . 

L 

9-1 

B 

334-1  L 

M 

11-2 

C 

334-1  R 

N 

24-1 

D 

333-1  L 

O 

25-1 

E 

333-1  R 

P 

27-1 

F 

4-1  L 

Q 

29-1 

G 

4-1  R 

R 

29-2 

H 

7-1  L 

S 

30-1 

I 

7-1  R 

T 

30-2 

J 

8-1  L 

U 

32-1 

K 

8-1  R 

Note:  A numeral  indicates  the  number  of  multiple  observations  for  one  location 
on  a scattergram.  The  data-segment  indication  is  lost  in  such  cases. 
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Figure  F . 1 J . ScaHergram  of  at  50° 

trufh  wind  spaed  using  logo-ithmic  scalea.  5L4  r . 
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GROUND-TRUTH  WIND  SPEED,  m/sec 
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Figure  F.  U2.  Scdttergra.n  of  cr°  ,.j  o'-  50°  inciden!'  angle  versus 
ground  fruth  wind  speed  using  loga’^ithmic  scaleMi. 
SL4data. 
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Figupe  F.T.3.  Scqttergram  of 

tru^h  wind  spaed  using  logarifniTiic  scales.  5L4  data. 
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GROUKD-mUTH  WIND  SPEED,  m/sec 
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Figure  F . 1 .4, 


Sca^tergra^  of  .7*™  ot  50°  incident 

tful’h  Wind  spe  loga’Mthmic  scales.  ,>L4  daiO. 
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GROUND-^XaUTH  WIllD  SPEED,  m/se< 
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Figure  F . 1 .5. 


Sconergram  of  a°ww  at  43°  incident  angle  ground 

troth  wind  speed  using  logarithmic  scales.  SL4  da*a. 
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GROaND-T.lUTH  WIND  SPEED,  m/sec 


Figure  F 
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1,6.  Sccl^te^g^an  of  ct° j_y_^  at  43°  Incident  angle  versus  ground 
truth  wind  speed  using  logarithmic  scales.  SL4  data. 
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GROUNDrTRUn-i  WI!!D  SPEED,  m/sec 


N U.  C 

-i  <vi  a: 

CVJ 

Ai.  u.  -1  a:  T 

X r r 
u.  CM  ri 

IL  2 (M 

U-  U.  W 

ro  r:  o ii.  Ik 


'CD  i 
^ : 


z a: 

t>  ra  CM  C3  » 

IT  CM  Ul  ^ 

v»  CM  r>  3 O 3 * CD 

fM  3 CM  OJ  3 3 ’ r-4 

M 3 O f 

CM  0 3 0. 

O CVJJ-  - 

tij  Q.  M a ^ a 

U.  o CM 

O AJ 
■ ■ ik 

Tsi  Uj 


ft  IJ  Ol 

fk  a; 

CK*  CQ  O Ql 

bJ 


o 

CVJ 

I 


trv 

<N4 

I 


HP  ‘;iNai6iHiaoo  oKinaxiVos 


Figure  F , 1.7 


Scai’lergran  of  cr°y,^  ai  43°  incident  angle  versus  ground 
truth  w ! nd  spe ed  using  I oga rithm ic  sco ! es . S L4  data . 
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GROUND-TRUTH  WIND  SPEED,  xn/sec 
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Figure  F . 1 .8. 


Sca^te^gra n of  cr  , ,y  a*’  43^  inciden}'  angle  versus  ground 
truth  wind  speed  using  logarithimic  sca'es.  SL4  do‘’a. 
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1.9.  Scanergran  of  o°yw  at  32°  Incident  angle  versus  ground 
tru‘h  wind  speed  using  logarithrnic  scales.  SL4  data. 
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Figure  F . 1.10. 


SGa^iergram  of  at  32^  incjclenf 

truth  wi nd  speed  using  logarithmic  sea* 


angle  versus  ground 
es.  SL4  da^’a  . 
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GROUND-TRUTit  WliaJ  SPEED,  im/sec 


! 


Figure  F 
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*1,11.  Scahtergran  of  cry^  at  32*^  ihcvdent^ 

tru^h  wind  speed  using  iogarithmic^^s^^  SL4  data. 
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Figure  F*1 .12,  Scvitrergroiti  c |_|y  at  32°  incident  a*igle  versus  ground 
truth  wind  speed  Osing  logarithmic  sea* 65.  SL4  data. 
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Figure  p.  1 ,13. 


SccI^terg^am  Qp  o^y  tnciden^  angle  versus  ground 

truth  wind  speed  usi'ng  logarlthiTiic  sca*es,  5L4  da^a. 
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Figure  F.T  J4,  Sca^fergram  of 

trufh  wind  speed  using  iogorrthm  bL4  data, 
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Figure  F . 1 .15.  Scattergram  of  cr°y^  at  17°  incident  angle  versus  ground 
truth  wind  speed  jsmg  logarithmic  soil! ev.  SL4  da'-a. 
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Figure  ? .1.17.  Scatrergra>n  of  o^wy  a-  1°  mordent  angle  versus  ground 
truth  wind  speed  scales.  SL4  doro. 
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GROUND-TRUXH  WIND  SPEED,  m/scc 
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Figure  F.1.18. 


Sca^^e^gra.Tl  of  o° at  1°  incident  angle  versus  ground 
troth  wind  speed  using  logarithmic  scales.  SL4  data. 
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Figure  F.1.19.  ScaH-ergram  of  a°y^  a^  incidenf  angle  versus  ground 
trufh  wind  speed  using  logarith.nic  scoles.  SL4  dara. 
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GROUND-TRUTH  Wl^JX-  SPEED,  tn/sec 
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Figure  F.l  .20*  ScaOergram  of  c-°.^y  a^  1°  incldeni-  angle  versus  ground 
truth  wind  speed  using  logarithmic  scales.  SL4  dal'a. 
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Figure  9 1 ScoHergrarTi  of  o°,,w  at  50°  incident  angle  /ersui.-  ground 

^ “ troth  wind  speedYiYing  logarithmic^sca_ey^^ 

coefficients  a-e  adjusted  to  upwind.  SL4  data. 
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GROUND-TRUTH  WIND  SPEED^ jn/a 
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Figure  F.2.2.  Scattergram  of  a®..,,  o'-  50  incident  angle  '/ers^ 

trofh  wind  speed  ij^ng  logarithmic  scales.  The  scattering 
coefficients  are  adjusted  to  upwind.  SL4  data, 
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Figure  F,2.3.  ' ScatfergraiTi  of  Q°yu  Of  50°  incident  angt 

fruth  wind  speed  usrrig  I ogdrii'h.Tiic  scci'.es.  The  scattering 

SU4  da‘'a. 
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_GROMDrTRI.'TH  WIND  SPEED,  m/sec 
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Figure  F. 2.5.  Scai-i-ergraTi  of  d-°yy  at  43°  Incident  angle  vs 

trut'h  wind  speed  using  logarithmic  scale.).  The  scaftering 

SL4  da‘a.^^  ^ 
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Figure  F.2.6,  Sco'-tergram  of  at  413*^  inciden*’  a^gIe  versus  ground 

trufh  wind  speed  using  logarUhtnic  scales.  The  scoffering 
coeFficien'‘S  are  adjusted  fo  upwind.  SL4  da'-a. 


GROUNT)fTRUTH  WIND  SPEED,  a/sec 
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Figure  F.2.7.  Sca^^erg^a•n  of  at  43'^_:nclden‘-  a igle  versus  ground 

truth  wind  speed  usmg  logarithmic  sea' eS.  The  scattering 
coelficients  are  adjusted  to  upwind.  SL4  da*'a. 
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GROUSD-TRUTH  WIND  SPESD,  a/ sec 
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F igu'e  F *2 » 8 . Sca’'tergraiTi  of  cr  o''  43°  i noident'  dng! e versus  ground 
tru‘h  wind  speed  using  logarirhmic  sco'es.  The  scattering 
coefficients  are  od justed  to  upwind.  SL4  do'-a . 


■r.fpkoducibiliITY  of  th 

Sal  page  is  poop 


337 


GROUKD-TRUra  WIND  SPEED,  m/sec 
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Figure  F.2.9.  Scattergram  of  yy  of  32^  incident  angle  versus  ground 
trufh  y/fnd  speed  scales.  The  jcqttering 

coefficren^s  Oi‘e  ddjust'ed  !'o  SL4  da'’a  . 
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GROUND-TRir?H  WIND  SPEED,  m/sec 
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Figure  F .2.10.  Scottergram  of  cr  uu  a>  32^  fnctden*-  angle  versus  ground 
iTUth  v/ind  speed  Osing  logarithmic  scales.  The  scattering 
coefficien*'s  a-e  adjusted  to  upwind.  SL4 
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Figure  F.2.11,  Sco/'I’ergrai'n  of  o at  32°  incidgnt  angle  versus  grourtiti 
truth  wind  speed  using  logarithmic  seal es.  The  5ca*'tering 
coafficients  are  adjusted  to  upwind.  SL4  do'-a. 
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Figure  F.2. 12.  Scanergram  of  at  32^  Insident  angle  versus  ground 

truhwind  speed  using  logarithmic  scales.  The  scattering 
coe.ficients  a*e  adjusted  to  upwind.  SL4  data. 


CROUND-TRUra  HIXD  SPEED,  b/scc 


